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PREFACE. 



In the preparation of these pages, I lay claim to no 
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and condense the leading features of Zoology and 
Comparative Anatomy for persons who may desire 
to obtain only a general knowledge of these subjects, 
but have not time to read the large standard works. 
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INTKODUCTION. 



On contemplating, even for a moment, the number 
of natural objects that almost daily come under our 
observation, we are struck with wonder and delight 
at their vastness and variety ; and seeing that it has 
been stated by Ehrenberg that one single cubic line 
of water (less than a drop), is capable of containing 
500,000,000 living Monads, and since the extent of space 
is unknown and indefinable — well may we exclaim that 
"it is impossible for the finite to comprehend the 
infinite." Every pbject in this world is either animate 
or inanimate, hence, two grand primary divisions of 
i^atural objects have been made, viz., the Organic or 
living world, and the Inorganic or dead. 

The study of organic matter is termed Biology 
(/3i09, life ; and \0709, an account of), and includes 
the departments of Zoology and Botany, while that of 
inorganic matter includes the departments of Geology, 
Mineralogy, Chemistry, and Physics. Three kingdoms 
in nature have been described, viz., the Animal, the 
Vegetable, and the Mineral. They are briefly defined 
by LinnaBus in the following terse sentences : — The 
Animal, ^^ Corpora organisita, et viva et sententia, 
sponteque se moventia ; " the Vegetable, " Corpora 
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organisita et viva, non sententia;" the Mineral, '*C5or- 
pora congesta, nee viva nee sententia." 

The leading differences between organic and inor* 
ganic bodies are : — (1) Organic bodies generally present 
a definite shape, are more or less rounded, and have 
convex surfaces for their boundaries. Inorganic bodies, 
on the other hand, either have no definite shape, and 
are in this case termed amorphous^ or if they do possess 
a definite form, they have angles and right lines for 
their boundaries, and are then called crystalline, (2) 
Organic bodies are termed heterogeneousj because in the 
great majority of cases they are composed of a number 
of separate and dissimilar parts. Inorganic bodies are 
termed homogeneous because (when pure and unmixed) 
they consist of an aggregation of similar particles. (3) 
The chemical composition of organic bodies is complex, 
and mainly consists of three or four elements, viz.. 
Carbon, Hydrogen, Oxygen, and Nitrogen, united 
with each other in high combining proportions to 
form the component parts of the organism ; they are 
liable to undergo spontaneous decomposition. The 
chemical composition of inorganic bodies is simple, 
and consists of few or numerous elements, either 
uncombined or, if united, forming low combining propor- 
tions; they are not liable to spontaneous decomposition. 
(4) Organic bodies grow by the reception and assi- 
milation of nutritive food internally. Inorganic bodies 
increase in size by the addition of particles externally, 
technically termed " accretion of matter." (5) Organic 
bodies have the power of propagation. Inorganic 
bodies have not. 
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The possession of life forms the great distinguishing 
characteristic of the organic world : what then is life ? 
Various definitions of life have been given by different 
authors, each and all of which have been more or less 
objected to. Thus it has been defined as " Organiza- 
tion in action" (Beclard); "The special activity of 
organized bodies" (Duges) ; "The constant uniformity 
of phenomena with diversity of external influences" 
(Treviranus). Although no exact definition of life 
has yet been framed, still it is a well-established fact 
that all the phenomena of vitality always manifest 
themselves through the medium of an albuminoid 
structure termed Protoplasm, more recently denominated 
by Dr. Beale Bioplasm ; this substance constitutes what 
has been termed the "physical basis of life." By 
some it is asserted that this Protoplasm is the cause of 
vitality, while others state that it is only a condition. 
The external conditions necessary for the maintenance 
of life are, with few exceptions, water or moisture, air, 
temperature, and, usually, light. With regard to the 
first origin of life on this globe, I shall here quote Mr. 
Darwin's hypothesis. "I believe that animals have 
descended from, at most, only four or five progenitors, 
and plants from an equal or lesser number. Analogy 
would lead me one step further, namely, to the belief that 
all animals and plants have descended from some one 
prototype. But analogy may be a deceitful guide. 
Nevertheless, all living things have much in common, 
in their chemical composition, their germinal vesicles, 
their cellular structure, and their laws of growth and 
reproduction. We see this even in so trifling a cir- 
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cumstauce as that the same poison often similarly 
affects plants and animals ; or that the poison secreted 
by the gall-fly produces monstrous growths on the wild 
rose or oak tree Therefore I should infer from analogy 
that probably all the organic beings which have ever 
lived on this earth have descended from some one 
primordial form into which life was first breathed by 
the Creator." 

The organic world is divided into two great kingdoms 
named the Animal and Vegetable; the study of the 
former is termed Zoology (fwa, animals, and X0709, an 
account of) ; that of the latter Botany (/?oTai/iy, an 
herb). There are, however, a number of minute organ- 
isms which are sometimes classed among the plants, at 
other times among the animals, and as the transition 
between the two kingdoms is so gradual, and the 
Ijporder line by no means well defined, Dr. Ernst Hseckel 
proposed to establish an intermediate kingdom for the 
reception of all these organisms, which he designated 
the "Regnum Prostiticum." The following are the 
leading differences between animals and planta, 
arranged after Professor Galloway, and copied from 
Dr. Mapother's work on Physiology: — 

A VEGETABLE AN ANIMAL 

IB IB 

AN APPABATUB of BEDUOTION ; AN AFPABATUS OF OXIDATIOST ; 

Is fixed ; FoBseases the faculty of locomo- 

tion; 
Evolves oxygen ; Abaorbs oxygen ; 

Abflorbs heat and electricitj, Evolves heat and electricity ; 
Decomposes carbonic acid, Produces carbonic acid, 

„ water, ,, water, 
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DeoonqxNies ammonia ; Produces ammonia ; 

Produces organic substances ; Consumes organic substances ; 

Transforms inorganic matters Transforms organic matters into 

into organic matters ; inorganic matters ; 

Derives its elements from the Bestores its elements to the 

earth and air. earth and air. 

There are, however, some exceptions to the differ- 
ences laid down in the above table, as, for example, 
many animals in their matare condition are fixed; 
while some plants in their embryo state, and others in 
their adult, possess the power of locomotion conferred 
on them by cilia. 

All animals are believed to be developed from a cell 
or cells. A perfect cell consists of the following parts : — 
a cell wall, termed the Periplast; granular protoplasmic 
contents, termed the Endoplast ; a nucleus and usually 
nucleoli. The matrix or intercellular substance is called 
blastema; ceUs multiply in various ways — (1) By fission, 
where a cell separates into two distinct cells ; (2) By 
gemmation, where a bud appears on the parent cell and 
ultimately becomes detached as an independent cell; 
(3) By Endogenous development, where the nucleus 
divides into two or more nuclei that form perfect cells 
within the parent cell before they are liberated ; (4) By 
Exogenous development — where the nucleus divides 
into two or more nuclei that burst through the parent 
cell, and then become developed into perfect cells. 
Those, however, who advocate the "Molecular Theory" 
believe that molecules precede the formation of cells. 
Spontaneous or equivocal generation (Heterogeny) is the 
name given to the theory which has been advanced to 
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account for the appearance of microscopic organisms 
termed " bacteria," " vibriones," and " monads," which 
appear in the order- named in organic infusions. 
This theory enunciates the possibity of the " origin of 
life" without pre-existing germs; on the other hand, 
the "Panspermists" who oppose this theory, account 
for the appearance of these organisms by the possibility 
of the existence of minute germs in the atmosphere, or 
in the fluid of these organic infusions which have 
hitherto escaped the observation of the most experienced 
Microscopists. The question is still " sub judicCy** and 
far from settled, though the results of the celebrated 
experiments of Dr. Bastian are in favour of the theory 
of heterogeny. 

Three theories have been advanced to account for 
the varieties in the different beings that constitute the 
Animal Kingdom. 

1. Theory of Special Creation. 

2. „ of Progressive Development (Lamark). 

3. „ of Natural Selection (Darwin). 

1. The theory of Special Creation supposes that 
every new group of organisms that successively made 
their appearance in this globe were formed by a special 
act of the Creator. 

2. " Proposes the idea of an innate tendency to the 
development of higher and more complex forms, in 
successive generations from monad to elephant or man, 
but allows the modifying influence of surrounding con- 
ditions " — (Ord). 

3. The theory of Natural Selection supposes that, in 
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the straggle for life, the weakest perish ; the strongest 
perpetuate themselves, and that the different surrounding 
external conditions are the agencies by means of which 
these effects are produced. 

Classification. — I shall here merely give an abstract 
of the principal classifications that have been, from 
time to time, proposed. 

I. 

1. Animals possessed of blood (t. e., red blood). 

This division corresponds to the vertebrata 
of modern writers. 

2. Animals that were exsanguious or had a 

colourless fluid instead of blood. This 
division comprised the invertebrata of 
modem writers — (Aristotle). 

n. 

1. Animals having warm, red blood, and a 

heart consisting of four cavities. 
a. Mammalia 
h, Aves. 

2. Animals having cold, red blood, and a heart 

having two cavities. 

a. Reptilia. 

b, Pisces. 

3. Animals having cold, white sanies, and a 

heart containing a single cavity, 
a. Insecta. 
h. Vermes — (Linnasus). 
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m. 

1. Animals whose hearts contain four cavities. 

a. Mammalia. 
b» Aves. 

2. Animals whose hearts contain three cavities. 

a. Reptilia. 

b. Amphibia. 

3. Animals whose hearts contain two cavities. 

a. PLsces. 

b. Most MoUusca. 

4. Animals whose hearts contain onlj/a siiigle 

cavity. 

a, Articulata. 

5. Animals in which the functions, both of 

stomach and heart, are performed by the 
» same organ, e, g.^ Medusae — (Hunter). 

IV. 

1. Vertebrata. 

2. Mollusca. 

3. Articulata. 

4. Radiata vel Zoophyta — (Cuvier). 

V. 

1. Spini-cerebrata vel Vertebrata. 

2. Cyclo-gangliata vel Mollusca. 

3. Diplo-neura vel Articulata. 

4. Cyclo-neura vel Radiata — (Grant). 
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VI. 

1. Vertebrata. 



2. MoUusca. 

3. Molluscoida. 



4. Annulosa. 

5. Annuloida. 



6'. C^lenterata. 
7. Protozoa. 



This last division of the Animal Kingdom into sub- 
kingdoms is the most modem and most generally 
Adopted, and will be followed in the ensuing pages. 
Each sub-kingdom is further sub-divided into -classes, 
orders, sub-orders (sometimes), genera, species, and 
varieties ; e. g,^ the Bull dog is a variety of the species 
canis familiaris, belongs to the genus canis ; sub-order 
Digitigrade Camivora; order Camivora; class Mam- 
malia ; sub-kingdom Vertebrata. 
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TERTEBRATA. 

CHAPTER I. 

Sub-Kingdom Yi^rtebrata. 

Generai^ Descriftion Animals that possess a "noto- 

chord" or "chorda dorsalis" at some period of their e;jcistence, 
which is replaced before maturity by the vertebral column 
(in the Amphioxus the noto-chord is persistent throughout 
life) : — skeleton, always internal : limbs, never more than 
two pair, sometimes absent : alimentary canal has a distinct 
inlet and outlet : portal and lacteal systems, always present : 
respiration is effected by distinct breathing organs, often 
assisted by the skin: heart contains two or more cavities 
(absent in Amphioxus) : blood is red and corpusculated : 
nervous system is much better developed than in the highest 
of the Invertebrata : reproduction is always sexual, the 
sexes being in different individuals : 

Most Vertebrates are Oviparous. 

Some - - Ovo-viviparous. 

The higher - Viviparous. 

c 
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This sub-kingdom has received its name in consequence 
of all its members possessing a vertebral column ; a segment 
of this column is designated a. vertebra, which Professor 
Owen defines as ^^one of those segments of the endo-skeleton 
which constitute the axis of the body and the protecting 
canals of the nervous and vascular trunks." 

Unity of type pervades the whole sub-kingdom. All its 
members are fashioned after the same model — hence, a 
" typical " or " ideal " vertebra has been constructed, from 
which, however, there are many and various deviations ; the 
nearest approach to it exists in the caudal vertebra of the 
crocodile, and in the skeleton of the fish. The accompany- 
ing diagram explains the " ideal vertebra." 




"ideal vertebra." {Owen). 

I. Neural spine, sometimes bifid. 2. Zygapophyses, arti- 
cular processes of neural arch. 3. Neurapophyses, forming 
sides of neural arch. 4. Diapophyses, upper transverse 
processes. 5. Centrum, or^body. 6. Pleurapophyses, ribs. 
7. Parapophyses, lower transverse processes. 8. Hsemapo- 
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pbyses, forming sides of hsemal arcb. 9. Zygapopbyses, 
articular processes of hsemal arcb. 1 0. Haemal spine, some- 
times bifid. * Denotes tbe exogenous elements. All tbe 
otbers are tbe autogenous elements. 

Tbe accessory process situated bebind tbe base of tbe 
transverse process of eacb lumbar vertebra, and tbe mammil- 
lary process situated on tbe posterior aspect of eacb superior 
articulating process of tbe same vertebrae in the buman 
subject, bave been respectively called tbe Anapopbyses and 
Metapopbyses. 

Professor Owen bas, moreover, constructed a " Typical " 
or " Arcbetype Skeleton." 

Tbe bones of tbe Cranium are now believed to be composed 
of four modified vertebrae, and are designated : 

1. Nasal Vertebra or . Rhinencepbalic 

(piv, nose ; and iyK4<f>a\os brain). 

2. Frontal „ . . Prosencephalic 

(irp6j in front ; and iyK(<f>a\os), 

3. Parietal „ . . Mesencepbalic 

{fi4croSt middle ; and iyK4<f>a\os), 

4. Occipital „ . . Epencepbalic 

{ivl, upon ; and iyK4<l>a\os). 

Tbe Vertebrata are divided by Professor Huxley into 
tbree divisions, and by Professor Owen into two, wbicb 
comprise five classes (sic.) : — 

1. Mammalia (mamma, breast) ^ tt j. ±.x. / t t-i j 

2. Sauropsida (o-aiSpa lizard I H»matotherma (oTm* blood; 

y . asnect^ ( *^ Bfp/idVt warm) 

\ A vea. J Warm-blooded Vertebrata. 



B. Beptilia. 
Hi^is, aspect) \- and KpvSs, cold) 



_ O 
3. ICTHTOPSIDA {ix^^s, fisb; Hsematocrya {atfia, blood; 

Cold-blooded Vertebrata. 



A. Ampbibia. 

B. Pisces. 
{ffuxUy). {Owen.) 



28 Vertebrata. 



CHAPTER II. 

Mammalia.: General Characters. 

Mammalia are vertebrate animab that possess mammary 
glands ; all but two (the echidna and ornithorhyncus para- 
doxus) have teats ; the young are always bom in a helpless 
condition, and the skin is invariably covered, more or less, 
with hair. 

Osteology The skull is united to the spinal column 

by means of two condyles ; the lower jaw consists of two 
halves, each composed of a single piece and united in 
front, there is no quadrate bone ; the vertebral column is, 
with few exceptions, divided into cervical, dorsal, lumbar, 
sacral and caudal regions. The cervical vertebras are 
always seven in number;* the dorsal vertebrae generally 
thirteen, often more (in man there are only twelve) ; the 
lumbar vertebrae are usually s-ix or seven, rarely less than 
four (in man only five) ; the sacral vertebrae are generally 
amalgamated to form a single bone, the sacrum (absent in 
whales) ; while the caudal vertebrae vary in nimiber from 
four to forty-five. The thoracic cavity is enclosed by a 
series of ribs, which correspond in number to the dorsal 
vertebrae ; the ribs, as a rule, are united to the sternum by 
cartilages, and not by bony pieces, as in birds ; the front ribs, 
which reach the sternum, are termed *'*' true,** the hinder ones, 
which do not, are called "false." The sternum consists of 
several pieces placed one behind the other, which are usually 
amalgamated to form a single bone. 

* For a long time it was believed that the sloth had nine, and the dogong 
six ceryical yertebrae. 
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The normal number of limbs is four, hence Mammals have 
sometimes been incorrectly denominated Quadrupeds, for 
many of the Amphibia and Heptilia have also four legs. 
Whales and dolphins have only the anterior limbs. The 
anterior and posterior limbs respectively ai'e connected with 
the body by the scapular and pelvic arches, and are variously 
modified in the dijfferent orders. Professor Haughton states 
that the best example of the Scapular arch exists in the bird, 
where the humerus works in a socket formed by four bones, 
viz., acromion, scapula, clavicle, coracoid; while the best 
example of the pelvic arch is seen in the alligator, consisting 
also of four bones, viz^ ilium, ischium, marsupial, pubis. 

Of the bones which typically form the scapular and pelvic 
arches, one or more may be absent, but it is important to 
remember that both the anterior and posterior limbs are 
formed after a simple and symmetrical plan, and are followed 
in succession by a series of bones. This is thus exemplified : 



ScAFULAB Abch {tifpical). 

Acromion, Scapula, Clavicle, 
Coracoid, followed by 

1. Humerus. 

2. Hadius and Uhia. 

3. Carpus. 

4. Metacarpus. 

5. Phalanges. 



Pelvic Abch (typical). 

Ilium, Ischium, Marsupial, 
Pubis, followed by 

[Hatighton.) 
Femur. 

Tibia and Fibula. 
Tarsus. 
Metatarsus. 
Phalanges. 



The bones enumerated above present many changes and 
modifications in the different classes of animals, the most 
remarkable of which will be mentioned. In Mammals the 
anterior limbs are always present, but the clavicle is 
frequently absent, and the acromion is often a mere process 
of the scapula, the coracoid, which is a distinct bone in birds 
and reptiles, is attached to the scapular arch. In the Mono- 
tremata alone of Mammals the coracoid remains separate. 
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The hnmerus and femur, as well as the bones of the fore- 
arm and leg, resemble each other ; the bones of the wrist and 
ankle are subject to many modifications, while the fingers 
vary in number from one to five — thus, the horse has only 
one finger, which is believed to be the middle finger. The 
toes undergo similar variations, and do not always correspond 
in number with the fingers — e. g.^ in the dog tribe (Canidas) 
the fore feet have five toes, while the hind feet have only 
four; and in the HysBnidse there are only four toes to each 
foot. 

The bones of the different orders of Mammals do not 
differ much from those of man; in general, however, they 
are coarser, and in some, as in those of the head of the 
elephant, there are extensive air cells; while those of the 
Cetacea have no medullary canals, are coarse and fibrous 
externally, and spongy or cellular internally, the cells assum- 
ing a tubular arrangement On examining a thin transverse 
section of a long bone belonging to man with a microscope 
of moderate power, there will be observed the openings of 
the vascular canals, called Ha.versian, surrounded with con- 
centric laminae, and ^^ plasmatic canals," called ^^canaliculi*^ 
piercing the laminae at right angles ; the dilatations on these 
canals are termed "lacunae" or "bone cells," and are 
arranged concentrically between the laminae. It will be 
remarked further on, that the microscopic appearance of 
bone varies in the different classes of vertebrate animals. 

Digestion — The great majority of Mammals possess two 
sets of teeth, deciduous and permanent, hence they have been 
termed by Professor Owen, Diphyodonts (Jbis, twice ; <p6<a, I 
produce ; oMs, a tooth). Some have only one set, and are 
called by the same author Monophyodonts (fiSuos, single; 
<l>6(0y I produce ; 6^o^s, a tooth) ; they are the Monotremata^ 
Edentata, and Cetacea. In the scaly and great ant-eaters 
there are no teeth whatever, and they are present only in the 
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embryo of the whale-bone whales. They vary in number, 
from one in the narwhal* to 190 in the dolphin. 

The Alimentary Canal consists of the following parts : — 

a. Mouth. 

b. Pharynx and (Esophagus. 

c. Stomach. 

d. Duodenum. 

e. Small Intestines. 
/. Large Intestines. 
g. Rectum. 

Salivary glands exist throughout the whole Mammalian 
class (except in the Cetacea), and follow closely the type 
presented in the human race; in the ant-eater they are 
greatly developed, and pour their secretion into a special 
reservoir, called a salivary bladder. There are three distinct 
forms of stomach seen in this class, viz., simple, coiiipound, 
and complex. The simple stomach consists of a single cavity, 
and is met with in Bimana, Quadrumana, Camivora, and in 
some of the Cheiroptera, Insectivora, Edentata, Cetacea, 
Marsupialia, and Monotremata. The compound stomach is 
a variety of the former, consisting of a single cavity partially 
divided by folds into two or more spaces; this form of 
stomach is seen in the Carnivorous Cetacea, Sloths, a few of 
the Kodents, and some others. The complex stomach is the 
most interesting of all, and is met with only among the 
Ruminants ; it consists of four cavities, named as follows: — 

a Paunch, Rumen, or Ingluvies. 

b. Reticulum, or Honeycomb. 

c. Omasum, ManypHes, or Psalterium. 

d. Abomasum, or Rennet. 

* The narwhal has a second tooth, but it is rndtmentary. 
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The Liver is the largest gUnd in the bodies of most 
animals, and performs a double function — that of elaborating 
a secretion necessary for digestion, and eliminating an excre- 
tion of hydro-carbons from the blood. The ^dneys are 
situated in the lumbar region, and are principally engaged in 
eliminating from the blood nitrogen, in the form of urea. 

Respiration All Mammals breathe by means of lungs, 

'^hich are divided into lobes (except in the horse, elephant, 
and some of the mutilata) ; the inspired air is warmed to the 
temperature of the animal, and robbed of oxygen, while the 
expired air is charged with carbonic acid gas, watery vapour, 
and a minute quantity of organic matter. The peculiar 
respiration of the Cetacea will be described in another place. 

Circulation The Heart consists of four chambers, and 

the blood contains non-nucleated red corpuscles, which are 
circular (except in the camel tribe, in which they are oval). 

The thoracic cavity is always separated from the abdo- 
minal by a muscular partition, termed the diaphragm or 
midriff. 

Nervous Ststem — The encephalon in man has reached 
its maximum of development, and is much more complete 
and intricate in its formation than in the most sagacious of 
the other Mammals; as we descend through the different 
orders, we shall find it more simplified, the convolutions 
become less intricate, and gradually disappear, until we 
arrive at the Marsupialia and Monotremata, where we find 
the corpus callosum wanting. .(See Owen*s classification, 
postea.) In the same ratio the intellectual faculties decrease. 
In all Mammalia the cerebral hemispheres (^prosencephala) 
overlap the olfactory lobes (rhinencephald) in front, and the 
optic lobes (mesencepJiald) — usually called corpora quadra- 
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gemma (for they are no longer bigeminal) behind. The pons 
Varolii is always present, and the cerebellum has lateral lobes 
in addition to a median one. 

Senses. — The sense of taste is believed to exist in all Mam- 
malia, except the Cetacea. The sense of touch is possessed 
by all Mammals, but in some it is more highly developed 
than in others. All Mammals have the sense of smell, except 
Cetacea; while those who possess it in a marked degree, 
such as the dog, have the turbinated bones extremely con- 
voluted — hence termed the ^* labyrinth,*' — for the purpose 
of increasing the sentient surface. The sense of hearing is 
universally present, and the formation of the middle and 
internal ear is very nearly similar throughout the entire 
class : the three ossicula always exist in the tympanum, while 
the cochlea, semicircular canals, and vestibule are invariably 
present; but the pinna and external auditory meatus are 
absent in the armadillos, moles, duck-moles, seals, and 
Cetacea. Those animals that have this sense very acute, like 
the bats, possess large pinnae. The sense of sight exists 
throughout the entire class, except in the adult mole (in the 
young mole the eye is well developed). The coats and 
dioptric media of the eye are similar to those of man. All 
have lacrymal glands and eyelids, except the Cetacea, while 
in these the sclerotic coat is greatly thickened, as in fishes. 
There is situated at the inner canthus of the eye of Rumin- 
ants a gland, called the Harderian gland, for the purpose of 
assisting to lubricate the eyeball. Nearly all Mammals (with 
the exception of man, monkeys, the Edentata and Mono- 
tremata) have that peculiar membrane called tapetum lucidum 
in their eyes ; it is this membrane that gives to a cat's eyes 
in a dark room the peculiar lustre so familiar to every one. 

Various classifications of the Mammalia have been pro- 
posed. I have arranged in a tabulated form the three 
prindpal classifications now most generally adopted. 
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Sub-classes, 



A. Monodelphia 
ijUvos single; and 
8cX4>^s, womb) 



B, Didelphia 
(5(s, twice ; and 
tt\q>ist womb) 

C. Omithodelphia 
^pvts. abird;and 
ScX^iJs, womb) 

(De BlainviUe), 
Sub-dosses, 



A. Mammalia possessing 
a disooidal dedduate 
placenta 



B, Mammalia possessing 

a zonary deciduate 
placenta 

C. Mammalia possessing 

a non-deciduate 
placenta 



Orc^ers. 

1. Bimana 

2. Quadnunana 

3. Camivora 

4. Probosddea 

5. Hyracoidea 

6. Ungulata 

7. MutUata 

8. Bodentia 

9. Insectivora 

10. Cheiroptera 

11. Edentata 

12. Marsupialia 



13. Monotremata 



Sttb' classes, 

A. Archencephala 
i&pX^t I rule; and 
^KCipaXos, brain) 

B, Gyrencephala 
{yvp6<ay I roll; and 
iyK4<pa\05. brain) 



0. Lissencephala 
{Kur<r6s smooth; & 
iyic4ipaX.os, brain) 



D. Lyencephala 
(X^. I loose ; and 
iyic4pa\os, brain) 



(Owen), 



Orders, 



^ 1. Primates — 

a. Anthropida (Bimana). 

b. Simiadae (Quadrumana). 
e. Lemurids (Quadrumana). 

2. Insectivora. 

3. Cheiroptera. 

4. Kodentia. 

5. Camiyora. 

6. Probosddea. 

7. Hyracoidea. 

8. Ungulata. 

9. Cetacea. 

10. Sirenia. 

11. Edentata. 



2). Mammalia having no (12. Marsupialia. 



placenta 
(Huxley), 



13. Monotremata. 
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CHAPTER m. 

Mammalia: Orders. 

I. BiMANA contains only one genus and one species, homo. 
Man was formerly placed along with the Quadrumana in 
the order Primates by Linnaeus and some other naturalists, 
i)ut has now assigned to him a distinct order, in consequence 
of the many striking differences which exist between him 
and the gorilla, the most anthropoid of all Quadrumana: 
Professor Owen enumerates no less than thirty in the cranium 
alone. The following are the most important distinguishing 
characteristics of this order : — ^The possession of moral and 
reasoning faculties, the greater comparative development of 
the brain, the summit of the teeth form almost a perfect 
level, and are not separated from each other by any^nterval. 
The dental formula is — 

I. ?=? C. l=i P.M. ?=? M. ?=? = 32 
2—2 1—1 2—2 3— 3 ''^* 

The great toe is not opposable to the other digits, the 
foot is plantigrade, the arms are shorter than the legs, and 
are never used as instruments of locomotion ; the body is 
erect. 

The human family is, according to Blumenbach, composed 
of the following five races (Cuvier originally described the 
first three groups) : — 

1. Caucasian includes all Europeans (except Finns), the 
natives of Western Asia and Northern Africa. They possess 
the following characters-.^n orthognathous (op6^, straight, 
and yvdOos, jaw) cranium, an elliptical or oval skull, well- 
formed forehead, small face, narrow medium-sized nose, 
thin lips, and prominent rounded chin ; Camper's facial angle 
measures from 80° to 85°; their hair is soft and wavy, never 
crisp, and their skin is fair, or slightly brown. 
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2. Mongolian includes the natives of Central and Northern 
Asia, the Chinese, Japanese, Laplanders, and Esquimaux; 
they are for the noiost part nomadic and equestrian. They 
are characterized by having a pyramidal skull, low forehead, 
broad face, prominent cheek bones, olive skin, dark oblique 
eyes, and strong black hair ; Camper's facial angle measures 
from 70° to 75°. Epicanthus often present. They are 
usually low in stature. 

3. Ethiopian includes all the natives of Africa, and their 
descendants in the slave States. They have a thick progna- 
thous (irp6, in front, and yvdOos) skull, and low retreating 
forehead, broad nose, thick protuberant lips, short crispy 
hair ; their facial angle is somewhat smaller than that of the 
Mongolian. The calves of their legs are very high. Their 
skin is jet black, and unctuous. 

4. American includes all the Aborigines except the 
Esquimaux. The external aspect of their skull and face 
bears a strong resemblance to the Mongolian, but is some- 
what more elongated ; their skin is often of a peculiar dark 
red colpur, hence, they have been popularly called Red 
Indians. 

5. Malay or Oceanic (Latham) includes the natives of 
Australia, New Zealand, Borneo, &c. They are known by 
their strong thick skull, narrow forehead, flattened nose, 
prominent cheeks, large eyes, thick lips, wide mouth, and 
prominent teeth. Their complexion is dark, and their hair 
is black, thick, and lank. Their limbs are long, weak, and 
badly developed. 

Doctor Frichard has described three distinct types of 
skidl occurring in the human family : — 1st. The oval or 
elliptical that exists in the Caucasian family. 2nd. The 
Pyramidal; this variety is ipet with in the Nomadic races, 
and is seen in its most marked form among the Esquimaux. 
3rd. The Prognathous; this form is observed among the 
African and Australian savages. 
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n. QuADRUMANA — The great distinguishing characteristic 
of this order of Mammals is, the peculiar modification of 
their hind limbs, which serve the purpose of hands ; in other 
words, the great toe is ^^ opposable ** to the other toes ; the 
fore limbs may want a thumb, but when present, it is gene- 
rally opposed to the other digits. The dental formula is the 
same as that of man, except in the monkeys of the New 
World, which have three prsemolars at either side of each 
jaw instead of two ; the summits of the teeth are never on 
the same level, and the canine are greatly developed. The 
members of this order are specially adapted for passing their 
existence among trees, and are all clothed with hair. They 
are subdivided, according to the position of their nostrils, 
into the following sub-orders : — 

(^.) Catarrhines (icot(£, down ; and piv) In this sub-order, 

which is the highest of the Quadrumana, the nostrils are 
oblique, converging below, diverging above, they are truly 
quadrumanous, for the thumbs of all the limbs are ^^ oppos- 
able" (except in Colobus — ^in this monkey the thumbs of 
the fore limbs are wanting); the tail is never prehensile, 
and is sometimes absent. They inhabit the Old World, and 
comprise the baboons, gibbons, chimpanzee, ourang-outang, 
gorilla, the semnipotheci and macaques of Asia. 

(i5.) Platyrrhines (irXorcia, broad; axid^lv) — This sub-order 
includes those monkeys that have simple sub- terminal^ nostrils, 
placed far apart; the thumbs of the fore limbs are not 
opposable, or are wanting ; they have three prsemolar teeth 
on either side of each jaw (marmosets excepted, whose dental 
formula is similar to man's) ; the tail is prehensile. They 
inhabit the forests of South America, especially Brazil. The 
most remarkable members of this group are the howling 
monkeys ; their hyoid bone and th}Toid cartilage are greatly 
developed ; the former constitutes a bony case which receives 
a large pouch communicating with the larynx : It is by the 
reverberation produced in this peculiar apparatus that these 
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monkeys make the tremendous sounds whence they derive 
their name. This class includes marmosets and spider 
monkeys. 

(C.) Strepsirhines ((rTp4<f>w.l twist; find^iv). — The members 
of this group are characterized by having the nostrils twisted 
and placed at the end of the nose, and by the second digit of 
the hind limbs being furnished with a claw. They live in 
troops upon the trees, are nocturnal in habit, and pass the 
greater part of the day in sleep. They are affectionate, 
well tempered, and very active. Their habitat is Madagascar 
and its vicinity. In this sub-order are placed the lories, 
lemurs, and aye-ayes. 

III. Carnivoba. ^This order contains the beasts of prey 

that live principally on animal food, some entirely, while a 
few of them eat fruit and other vegetable matters. These 
Mammals are distinguished by the possession of retractile 
or non-retractile claws, and by their dentition. They have 
both deciduous and permanent teeth ; the number of incisors 
in each jaw is generally six ; the canines are greatly deve- 
loped; and the molars are mostly cutting teeth, furnished 
with sharp uneven edges ; but one or more of the back teeth 
have tuberculated crowns. The dental formula varies greatly 
in the different members of this order; but^ as the cats 
(FelidsB) constitute the most typical tribe, subjoined is their 
dental formula : — 

I. ?=? C. 1=1 P.M. ^ M. 1=1 = 30 
3—3 1—1 2—2 1—1 

The clavicles are rudimentary or absent, their motions are 

rapid, and many are endowed with great muscular power, 

while the organs of sight and smell are well developed. They 

are subdivided, according to the character of their limbs, 

into three groups, viz. : — 

a. IHgUigrade b. Plantigrade c. Pmnigrade 

{digitus, toe ; and {ptanta, the ^ole ; {pinnOj a fin ; and 

grad/uSf step). and gradua). gradus). 
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{A») Digitigrade camivara walk on the toes, without 

bringing the heel to the ground, and are subdivided as 
follows ; — 



1. Those haying tuberculated teeth behind each canine of 

lower jaw. 

a. Those having one tuber- ^ Vermin — e.g., martin, 

cular tooth behind each > otter, skunk, polecat, 
canine of lower jaw. ) weasel, ferret, ermine. 

b. Those having two tuber- ^ e.g., dogs, wolves, civets, 

cular teeth behind each > foxes, and ichneu- 
canine of upper jaw, ) mons. 

2. Those having no tuber- ^ e.g., lions, tigers, panthers, 
cular teeth behind each > leopards, cats (Felidae), 
canine of lower jaw, ) and hyaenidss. 

The FelidcB, comprising the lion, tiger, panther, leopard, 
and cat, are the most typical of all the Camivora. They 
walk lightly upon their toes ; their head assumes a rounded 
form in consequence of the shortness of the jaws and the 
great size of the muscles that move the lower jaw ; their 
legs are nearly equal in length, and the fore feet have each 
five toes, while the hind feet have only four; all the toes 
have strong retractile claws, which, when not in use, are 
kept in sheaths by means of elastic ligaments ; the tongue is 
covered with horny elevations, that adapt it for the purpose 
of licking the flesh off the bones of their victims. 

(£.) Plantigrade Camivora. — The animals included in this 
division apply the sole of the foot to the ground in walking, 
and are less carnivorous in their habits than the Digitigrades. 
The bear, which may be taken as a type, has five fingers and 
five toes, and can stand on the hind legs more like a human 
being than the most anthropoid of apes ; this peculiarity is 
due chiefly to the form of the thigh bone, which very much 
resembles a human femur, and has been often mistaken for 
one. The badgers and racoons also belong to this division. 
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(C.) Pinmgrade Camivora The seals and walruses, form- 
ing this family, are specially adapted for an aquatic mode of 
life. The fore feet of the seal are not used in swimming ; 
the hind feet are blended with the tail, forming a screw- 
shaped apparatus by means of which the animal is propelled 
through the water. The walruses are remarkable for having 
their canines enormously developed. 

IV. Faoboscidea — This order of Mammals is charac- 
terized by having the nose prolonged into a trunk or pro- 
boscis, at the extremity of which the nostrils are placed, and 
by their peculiar dentition. The canine teeth are absent, 
but the incisors of the upper jaw are developed into enormous 
tusks which grow from permanent pulps; the molars are 
large, and few in number. The fingers are five in number, 
and so also are the toes ; the feet are covered by a thick 
pad of integument ; the clavicles are wanting ; the testes are 
abdominal, and the mamme pectoral. The elephant, the 
representative of this order, inhabits forests in the tropical 
regions of Asia and Africa, and lives to a great age. There 
are only two living species at the present day. 

{A.) The African ElepTiant has a convex Yorehead, large 
flapping ears, four hoofs (nails) on the fore feet, three on the 
hind feet; it is of a darker colour and is much fiercer 
than the Indian elephant. The female possesses tusks as well 
as the male, and the plates of enamel on the molar teeth 
enclose lozenge-shaped spaces. 

(J5.) The Indian Elephant has a concave forehead, small 
ears, five hoofs (nails) on the fore feet, four on the hind feet ; 
its colour is generally pale brown, and the transverse ridges 
of enamel on the molar teeth are narrow, parallel, and 
undulating. 

y. Htbacoidea. — This order has been constituted by 
Professor Huxley for the reception of the single genus Hyrax, 
which comprises two or three small animals still classified by 
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Professor Owen among the Permo-dactyle Ungulates, They 
are small gregarious animals living in holes in the rocks. 
One species occurs in South Africa, and is called the 
^^ badger;** another is found in Arabia and in Palestine, and 
is supposed to be the " coney " of Scripture. They are not 
unlike small Rodents, for the canines are absent, and the 
incisors of the upper jaw grow from permanent pulps ; the 
molars are seven in number on either side of each jaw, and 
are very like those of the rhinoceros in form and structure. 

VI. Ungulata. — ^This order of herbivorous Mammals 
includes three entire old orders — Ruminantia, Solidungula, 
and Pachydermata ; the elephant alone being removed from 
the Pachydermata, and placed in a separate order. All the 
members of this group are characterized by the possession 
of four limbs, which are useless for prehension, and only 
subserve the purpose of locomotion. The toes are encased 
by hoofs or " nails," and there are never more than four full- 
sized toes to each leg. The molars have broad crowns, for 
the purpose of grinding vegetable food. This order is sub- 
divided into two primary sections. 

(A), PerissO'dactyles {ir^piaaost odd ; and 8((ktvAos, a toe), 
or odd-toed ungulates, that have either one or three toes; 
the horns, if present, are never in pairs; and the dorso- 
lumbar vertebrsB are more than nineteen. Perisso-dactyles 
are divided into — 

1. Solidungulates. 

2. Multungulates. 

1. The Solidungulates comprise the horse, ass, zebra, 
quagga, and onagga ; all possess a single toe encased in a 
broad hoof — hence the name (solida^ solid, and unguLa^ a 
hoof). The bones of the fore leg of a horse are homologous 
to the bones of the human arm. They are here placed side 
by side for the purpose of comparison : — 
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Horse. Man. 

Scapula, homologous to Scapula. 

Humerus, Humerus. 

Radius and ulna^ partially con- Radius and ulna separate, 
solidated, 

Carpus, seven small bones (knee) Carpus, eight small bones (wrist). 

Metacarpus, one bone (cannon Metacarpal bone of middle fin- 
bone), ger. 

Pastern, Proximal phalanx of do. 

Coronary, Middle do. do. 

Coffin, Distal do. do. 

• 

In the same way the bones of the hind leg of a horse are 
homologous to the bones of the human leg, and what is 
termed the stifle-joint of a horse corresponds to the knee- 
joint of man (the stifle-bone being homologous to the patella), 
and the hock-joint, containing six bones, viz., astragalus, os 
calcis, cuboid, and three cuneiform, corresponds to our ankle- 
joint. The femur of the horse has three trochanters; the 
clayicle is absent, and there is no gall bladder. 

2. Multungulates (multce^ many, and ungulce, hoofs) 
comprise the rhinoceroses and tapirs. Rhinoceroses are very 
large, heavy animals ; the feet have each three toes ; they 
have one, or, it may be, two horns ; when two are present 
they are placed in the median line, one behind the other, the 
posterior one being much the shorter ; the horns possess no 
bony core. The tapirs have four fingers and three toes, and 
the nose is prolonged into a smaU, movable proboscis. 

(jB.) Artiodactyles (Aprios, even; and BdicrvXos, a toe), or 
even-toed ungulates, are sub-divided into two groups — 

1. Ruminantia. 

2. Omnivora. 

I. The Ruminants constitute a most important group of the 
ungulates, and are characterized by their peculiar dentition, 
by the structure of the stomach, and by that of the foot. 
The typical dental formula of a Ruminant 
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T 0—0 ^ 0—0 jur 6—6 ^^ 

I- 3=3 ^- 1=T **• 6=6 = 32- 

The incisors and canines of the lower jaw are similar in size 
and form. In consequence of the absence of these teeth in 
the upper jaw, the lower incisors are opposed to a hardened 
pad of gum. The camelidse, however, form an exception, 
as they possess six incisors in their upper jaw. Ruminants 
have a complex stomach, which, as previously mentioned, 
consists of four cavities. In the adult animal the paunch is 
the largest of these cavities (in young Ruminants the abo- 
masum is the largest), and serves the purpose of a temporary 
store-house for the food; it is lined with dense squamous 
epithelium, and secretes a watery fluid, which has little or 
no digestive function. In the camel tribe this paunch con- 
tains a number of pits, the openings into which are closed 
by muscular sphincters, and are capable of containing a 
large quantity of water — hence camels are able to travel far 
across desert plains in consequence of this beautiful provision 
of nature. The reticulum (rete, a net) is much smaller, and 
presents a honeycombed appearance. The small polygonal 
spaces into which it isL divided form the food into small 
round balls, which are regurgitated into the animal^s mouth, 
and are there re-masticated : this is what is termed rumina- 
tion. The food, after rumination, passes again down the 
oesophagus, then along a groove situated on the upper mar- 
gin of the reticulum into the manyplies. The manyplies has 
its mucous membrane arranged in parallel plates like the 
leaves of a book, hence its name. There are about eighty 
of these leaves in the ox, and forty in the sheep ; from this 
cavity the food passes into the abomasum or rennet, which 
last is the true digestive stomach, and the homologue of the 
stomach of man. 

The foot of Ruminants is always ^^ cloven,** and consists 
of a pair of symmetrical toes encased in hoofs ; in a great 
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many there is a pair of supplementary toes placed on tLe 
back of the foot. Ruminants are sub-divided as follows : — 

1. Ruminants without horns, e.g.^ Camels, Alpacas. 

Llamas, and Musk-deer. 

2. Ruminants with horns. 

a. Horns persistent. 

1. Covered by hairy skin, c.^., Giraffe. 

2. Covered by homy case (cavicomia), e,g., 

Ox, Sheep, Antelope, Croat. 
I, Horns deciduous (Antlers), e.g.. Stags (cer- 
vidae). 

Three distinct types of horns are found among the ungu- 
lata. 1st. Those that consist entirely of epidermic consti- 
tuents, and are made up by the aggregation of homy fibres : 
this form is seen in the rhinoceros. 2nd. Those that consist 
of a central bony core, which is completely covered with a 
tme homy case or hairy skin (vide antea). 3rd. Those that 
are formed of true bone, termed antlers, and are shed every 
year. 

2. Omnivora, the last division of the ungulata, comprises 
the well-known pig, also the peccary and hippopotamus. 
They possess no third trochanter on the femur, and are all 
remarkable for the thickness of their integument. 

VII. MutilAlTa. — These form a remarkable order of 
Mammals, and are all adapted for an aquatic life. The 
anterior limbs are changed into fins, while the posterior ones 
are wanting. The tail is horizontal and flat, and there are 
no external ears. Lacrymal glands are likewise absent. 
The Mutilata are divided into two groups : — 

a. Cetacea (carnivorous). 

b, Sirenia (herbivorous). 

Cetacea are the largest of all living Mammals. They com- 
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prise the whale, dolphin, porpoise, and narwhal; they are 
fish-like in form and mode of life; they have one or two 
blow-holes on the top of the bead, leading into the nostrils ; 
their teats are inguinal, testes are abdominal, and they have 
no Tesiculce seminales. Their respiration is very peculiar, 
and the mechanism by which it is performed extremely 
interesting. It is thus accomplished : the top of the pharynx 
is guarded by a strong sphincter muscle, which is closed 
except when the whale expires, and thus preyents any com- 
munication between the cavity of the pharynx and the 
nostrils. The soft palate is greatly enlarged, so as to form 
a perfect septum between the mouth and the pharynx, thus 
enabling the whale to swim about under water with its 
mouth fully open, yet no water can enter its lungs. When 
the blood requires fresh oxygen, the animal rises towards 
the surface of the water, shuts its mouth, and commences to 
expire the impure air; the expired column of air is sur- 
rounded with a cylinder of water drawn up with it by fric- 
tion — hence the mistake that these animals spout water. 
The Cetacea comprise three families, viz., whale-bone whales, 
sperm whales, and dolphins. 

The whale-bone whales (balsenidse) have no teeth (the 
embryo has teeth, which never cut the gum), but possess 
instead transverse plates of whale-bone (baleen) attached to 
the hard palate ; the inner edge of these plates is furnished 
with a close fringe of whale-bone fibres, by means of which 
the small molluscs on which this giant feeds are filtered from 
the water. They have a thick layer of fat (blubber) beneath 
the skin. 

The sperm whales (catodontidse, Kard, down ; and hZoitst a 
tooth) are characterized by having a single blow-hole, and 
by having conical teeth in the lower jaw ; there are also a 
few in the upper, but they never cut the gum. These 
animals are sought after for the spermaceti which is di&used 
through the blubber, and contained in special cavities in the 
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head, and for a peculiar substance called ambergris^ found in 
masses in the intestines, and composed of a substance some- 
what similar to cholesterine ; this is used as a perfume. 

Dolphins (delphinidse) — This division comprises the dol- 
phin, porpoise, and narwhal. They possess numerous coni- 
cal teeth in both jaws, and the nostrils open by a single 
aperture at the top of the head. They inhabit most seas, 
and are very voracious. The narwhal is remarkable for the 
great development, in the male, of one of the incisors of the 
upper jaw. 

Sirenia The Sirenia are also adapted for an aquatic 

mode of life, and comprise the Manatees and Dugongs, and 
are commonly called " sea cows.** The snout is fleshy, and 
the nostrils are placed on its upper surface. The anterior 
limbs are turned into swimming paddles, and the hind limbs 
are entirely absent. There is a trace, however, of the pelvic 
arch ; the intestinal canal is extremely long. The mammae 
are pectoral, testes abdominal, and they have vesiculae semi- 
nales. They are diphyodont, live on sea-weed, and keep 
near the shore. 

YIII. BoDENTiA. — This constitutes the largest order of 
Mammals. It has been calculated that nearly one-third of 
the known Mammals are Rodents, and of these rats and mice 
form one half. They possess two incisors in the upper jaw 
(sometimes four), but never more than two in the lower ; 
the canines are absent, and there is always a wide interval 
between the incisors and molars; of the latter there are 
rarely more than four on either side of each jaw ; the feet 
have usually five toes, each toe being furnished with claws. 
The distinguishing peculiarity of the Rodents (rodens^ gnaw- 
ing) is seen in the structure of the incisor teeth, which grow 
from permanent pulps ; they are large, curved, and covered 
in front by a layer of hard enamel. The result of this is 
that the softer dentine wears away more rapidly than the 
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enamel, hence the chiselled shape of the teeth. In some 
Kodents the collar bones are developed, in others they are 
absent ; the testicles periodically descend from the abdomen 
into a temporary scrotum. To this order belong the hares, 
rabbits, beavers, squirrels, porcupines, guinea pigs, rats, 
mice, &c., &c. 

IX. Insectiyoba. — These animals, so termed from the 
fact of their subsisting almost entirely on insects, comprise 
the moles, shrews, and hedgehogs. They are characterized 
by their peculiar dentition ; they have incisors, canines, and 
molars, the last-named having their summits furnished with 
numerous cusps; clavicles are always present; the toes are 
furnished with claws, and the majority of the order have five 
toes to each foot, and are plantigrade. The mole has ex- 
tremely small eyes, and is well adapted for a subterranean 
life. The hedgehog is covered with spines, and the muscles 
of the skin are greatly developed, so that the animal can roll 
itself up into a ball when threatened with danger. 

X. Cheiroptera (x«^P> the hand; and imp6vy a wing), 
or bats, constitute a well-marked order of Mammals, and 
have the following distinguishing characteristics : — The fore 
limbs are much longer than the hind ones, and all the fingers, 
except the thumb, are greatly elongated, to support a mem- 
brane called \h% pataghmi^ which is stretched between the 
fingers, and passes thence to the hind limbs (being attached 
to the sides of the body), and often includes the tail. This 
membrane is used in flight, and is analogous to the wing of 
a bird. When at rest, they suspend themselves by means of 
the thumb, which is furnished with a claw; from at least 
three of the other fingers claws are always absent; the 
clavicles are well developed, and the sternum is keeled for 
the attachment of the pectoral muscles ; the feet are five- 
toed, and unguiculate. Animals of this order have the three 
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kinds of teeth, and the canines are well developed. They 
have no air cavities in the bones ; the testes are retained in 
the abdomen, and only descend daring the breeding season. 
They have large ears, small eyes, and are crepuscular or 
nocturnal in their habits. The most of them hybemate. 
They are divided into — 

a. Insectivorous^ e.g., all British Bats. 

b, Frugivorous, e.g., Fox Bat-s. 

XI. Edentata (Bruta^ are the lowest order of placental 
Mammals, and comprise the ant-eaters, armadilloes, and 
sloths. They are characterized by the total absence of 
central incisors; the lateral incisors and canines are gene- 
rally wanting, and sometimes the molars. The teeth, when 
present, are never covered with enamel, or replaced by a 
second set. The ribs exceed in number (twenty-three pair) 
that of any other Mammals; the toes are provided with 
strong, curved claws ; the testes are abdominal. This order 
is divided into — 

a. Herbivorous and Arboreal^ e.g., Sloths. 
6. Carnivorous and Terrestrial, e.g., Ant-eaters and Anna- 
dilloes. 

Xn. Marsupialia (Didelphia). — ^This order has received 
its name in consequence of its female members possessing a 
^^ marsupium,** or pouch, in which the young animal, which 
is always bom in a very imperfect condition, is placed. This 
pouch is formed by a folding of the integument of the abdo- 
men, and supported by the so-called marsupial bones ; into 
the marsupium project long nipples from the mammary 
glands, through which the milk is forced by means of special 
muscles, as the young marsupial, when first bom, is unable 
to suck. The oviducts open into vaginal tubes, which, in 
turn, open into a urino-genital canal, but there is no 
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*^ cloaca." The scrotum is placed in front of the penis in 
the male, and is supposed by Professor Owen to be the mar- 
supium turned inside out. The order is divided into — 

a. Herbivorous — Kangaroos, Kangaroo-Bears, Wombats, 

and Phalangers. 

b. Carnivorous. — Native Devil, Native Tiger, and Bandi- 

coots. 

Xm. MoNOTREMATA (omitho-delphia). — ^These animals 
form the connecting link between Mammals and birds, pos- 
sessing some of the peculiar characteristics of each class. 
They possess a coracoid bone, which passes from the scapula 
to the sternum ; the sternum is keeled like that of birds. A 
common cloaca receives the openings of the urino-genital 
organs and digestive canal ; there are marsupial bones, but 
no marsupium ; the mammary glands have no nipples ; and 
the external ears are absent. There are only two known 
animals belonging to this order. 

a. Duck Mole (ornithorhyncus paradoxus"), not unlike a 
small otter. It is covered with a short brown fur, and has 
a broad flat tail. The jaws are covered with horn, so as to 
resemble the beak of a duck (fyyis, a bird ; and ^Wx^h a beak), 
and are furnished with small homy plates, which serve the 
purpose of teeth. The legs are each furnished with five toes, 
which are webbed. 

6. Porcupine Ant-eater (echidna) is like a hedgehog, with 
a long snout/ and is covered Fith hairs and spines. It is 
edentulous, and has a long flexible tongue. The feet have 
each five toes, which possess strong claws, but are never 
webbed. 
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CHAPTER IV. 

Ayes: General Characters. 

The second great division of the Vertebrata consists of birds, 
and is thus defined by Professor. Owen: — "Oviparous ver- 
tebrates, with warm blood, a double circulation, and a 
covering of feathers.** The following are the more striking 
peculiarities observed in this division : — The skull articulates 
with the spine by a single condyle ; the lower jaw articulates 
with the " OS quadratum,** which, in turn, articulates with 
the skull. There are no teeth, and the anterior limbs are 
changed into wings. The lungs communicate with air sacs 
scattered through the body, and many of the bones are 
pneumatic. The heart consists of four chambers, and the 
blood corpuscles are nucleated. 

OsTEOLOGT. — The skeleton of a bird possesses many points 
of interest, in consequence of its adaptation to the purposes 
of flight ; it is compact and light ; its compactness is owing 
to the great quantity of phosphate of lime which enters into 
its formation, and enables it to sustain the contraction of 
vigorous muscles ; and the lightness is due to the existence 
of air cells, instead of marrow, which are indispensable for 
the purpose of flight. The cranial bones are anchylosed 
early, and the separate bones can only be demonstrated in 
the young bird; the lower jaw, however, remains distinct 
and movable. On examining a thin transverse section of 
one of the long bones of a bird under the microscope, it will 
be observed that the plasmatic canals exhibit oval dilata- 
tions. The cervical vertebrae vary in number, from nine in 
the sparrow to twenty-three in the swallow and swan ; they 
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are very movable on each other, and this renders the neck 
so flexible that the head can be turned in every direction ; 
they have, moreover, rudimentary costal appendages or ribs 
attached to their transverse processes. The bodies and 
spinous processes of the dorsal vertebree are firmly con- 
solidated together, and splints of bone proceeding from the 
transverse processes overlap each other, increasing the sta- 
bility for the attachment of muscles. The lumbar and 
sacral vertebrae, and the bones constituting the pelvis, at an 
early period, are consolidated into one piece, so that the 
elementary constituents can only be made out in the very 
young bird ; and the ossa pubis do not meet in front, except 
in the ostrich. The caudal vertebrse are movable, and ter- 
minated by the "plough-share" bone, which is composed 
of several vertebrae joined together, and supports the tail 
feathers, which act as a rudder, and the "uropygium" or 
oil gland, by whose secretion the feathers are lubricated. 
The ribs vary in number, from seven to eleven pair, each rib 
consisting of a dorsal and sternal portion connected by a 
joint; the dorsal portion is attached to the vertebrse by a 
double articulation, and, in most birds, gives off a process 
which passes over the succeeding rib ; the sternal portion is 
connected to the sternum by means of a single articulation. 
The sternum is greatly developed, and is composed prin- 
cipally of the central azygos element^ which, in birds of 
flight, is prolonged into a keel-like process (absent in the 
cursores) for the attachment of the three powerful pectoral 
muscles. The scapular arch is composed of a coracoid bone, 
which is the strongest and longest, extending from the 
scapula to the sternum — a slender scapula — a clavicle which 
joins with its fellow of the opposite side in front of the 
sternum, constituting the " os furculum," " funny bone," or 
"merry thought." This last bone is very variable; it is 
very strong in the raptores, and absent in the ground parrots 
of Australia. The humerus plays in a socket formed by the 
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scapula, coracoid, and clavicle; next come the radius and 
ulna, the latter being the stronger bone. The carpus con- 
sists of only two bones ; the metacarpus is composed of two 
pieces joined at their extremities ; at the proximal extremity 
on the outer side is a rudimentary digit, the " thumb,** to 
which is attached a tuft of feathers called the ^^ bastard 
wing.** Succeeding the metacarpus there are two fingers, 
one of which has only one phalanx, while the other has two 
or three. In the penguin there are one or two small bones 
situated at the elbow-joint, which form a kind of patella, 
and are supposed to be portions of the olecranon process 
detached from the ulna. All these bones fcHm the frame- 
work of the wing, and are homologous to the human arm, 
but not analogous. The pelvic arch is succeeded by a short 
and strong femur ; this is followed by a tibia and rudimental 
fibula. The tarsus is amalgamated with the metatarsus, to 
form a single tarso-metatarsal bone, which is very large in 
the grallatores ; to this bone is attached the foot, which, in 
most birds, consists of iovar toes, but these may vary from 
two to five ; no wild bird has more than four, but some ' 
domesticated ones have five ; and, no matter what may be 
the number of toes, the number of phalanges is constant — 
thus, the outermost toe has five, the next four, the third 
three, the second, when it is present, two, and the spur or 
innermost has one. 

PiGESTioN The digestive system of birds presents many 

extremely interesting structures, which shall be briefly de- 
scribed seriatim. The mouth, the only prehensile organ the 
bird possesses (except in the raptores and scansores, which 
use the foot as well), constitutes a beak encased in a dense 
homy sheath, and assumes various forms in the different 
genera. In many birds there is situated at the base of the 
bill a circle of skin called the ^* cere,** which serves as an 
organ of touch. The tongue is supported by one or two 
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bony pieces proceeding from the os hyoides, and is coTered 
by a horny sheath ; it assists in deglutition, and has little or 
no gustatory function ; and in the parrot tribe, is used as a 
thumb opposed to the upper mandible ; in the woodpeckers 
it is turned into a regular harpoon, and, in the honey -eating 
birds, has, at its extremity, a tuft of horny filaments, not 
unlike a camel's hair brush. Salivary glands are always 
present, are simple in structure, and small, except in the 
woodpecker; in this bird they attain a large size. The 
pharynx is simple, and leads into an oesophagus or gullet, 
which, in the flesh-eating and grain-eating birds, is dilated 
into a ^^crop** or ^^ngluvies" that acts as a store-house; the 
gullet again contracts to its former size, and then dilates a 
second time, to form the " proventriculus " or "bulbus 
glandulosus:" this is the true digestive stomach that secretes 
gastric juice, and terminates in the gizzard. The walls of 
the gizzard are very strong and muscular, especially in the 
grain-eating birds, who triturate their food therein with the 
assistance of small pebbles, instinctively swallowed for ^his 
object, which act as teeth. In birds of prey that live on 
easily digested fOod, the walls of the gizzard are thin. The 
intestinal canal extends from the gizzard to the cloaca, and 
at its commencement receives the secretions of the liver and 
pancreas; it is comparatively short, though longer in the 
grain-eaters than in the flesh-eaters, and two blind tubes 
mark the distinction between the large and small intestines. 
The cloaca is the common receptacle, in birds and reptiles, 
for the termination of the intestine, and for the ducts of the 
urinary and generative organs. The liver of birds is large, 
and consists of two principal lobes ; it receives its venous 
blood, from which the bile is elaborated, from the renal and 
sacral vdns, in addition to the gastric, splenic, and intestinal, 
which form the vena porta oi Mammals. Two distinct sets 
of ducts convey the bile from this organ ; the first conduct 
the bile to the gall bladder, from which another duct pro^ 
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scapula, coracoid, and clavicle; next come the radius and 
ulna, the latter being the stronger bone. The carpus con- 
sists of only two bones ; the metacarpus is composed of two 
pieces joined at their extremities ; at the proximal extremity 
on the outer side is a rudimentary digit, the " thumb,^' to 
which is attached a tuft of feathers called the ^^ bastard 
wing.** Succeeding the metacarpus there are two fingers, 
one of which has only one phalanx, while the other has two 
or three. In the penguin there are one or two small bones 
situated at the elbow-joint, which form a kind of patella, 
and are supposed to be portions of the olecranon process 
detached from the ulna. All these bones form the frame- 
work of the wing, and are homologous to the human arm, 
but not analogous. The pelvic arch is succeeded by a short 
and strong femur ; this is followed by a tibia and rudimental 
fibula. The tarsus is amalgamated with the metatarsus, to 
form a single tarso-metatarsal bone, which is very large in 
the grallatores ; to this bone is attached the foot, which, in 
most birds, consists of four toes, but these may vary from 
two to five; no wild bird has more than four, but some^ 
domesticated ones have five ; and, no matter what may be 
the number of toes, the number of phalanges is constant — 
thus, the outermost toe has five, the next four, the third 
three, the second, when it is present, two, and the spur or 
innermost has one. 

PiGESTiON The digestive system of birds presents many 

extremely interesting structures, which shall be briefly de- 
scribed seriatim. The mouth, the only prehensile organ the 
bird possesses (except in the raptores and scansores, which 
use the foot as well), constitutes a beak encased in a dense 
homy sheath, and assumes various forms in the different 
genera. In many birds there is situated at the base of the 
bill a circle of skin called the *^ cere," which serves as an 
organ of touch. The tongue is supported by one or two 
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bony pieces proceeding from the os hyoides, and is coTcred 
by a horny sheath ; it assists in deglutition, and has little or 
no gustatory function ; and in the parrot tribe, is used as a 
thumb opposed to the upper mandible ; in the woodpeckers 
it is turned into a regular harpoon, and, in the honey -eating 
birds, has, at its extremity, a tuft of horny filaments, not 
unlike a camel's hair brush. Salivary glands are always 
present, are simple in structure, and small, except in the 
woodpecker; in this bird they attain a large size. The 
pharynx is simple, and leads into an oesophagus or gullet, 
which, in the flesh-eating and grain-eating birds, is dilated 
into a "crop'* or "ingluvies" that acts as a store-house; the 
gullet again contracts to its former size, and then dilates a 
second time, to form the " proventriculus *' or "bulbus 
glandulosus:'' this is the true digestive stomach that secretes 
gastric juice, and terminates in the gizzard. The walls of 
the gizzard are very strong and muscular, especially in the 
grain-eating birds, who triturate their food therein with the 
assistance of small pebbles, instinctively swallowed for ^his 
object, which act as teeth. In birds of prey that live on 
easily digested fOod, the walls of the gizzard are thin. The 
intestinal canal extends from the gizzard to the cloaca, and 
at its commencement receives the secretions of the liver and 
pancreas; it is comparatively short, though longer in the 
grain-eaters than in the flesh-eaters, and two blind tubes 
mark the distinction between the large and small intestines. 
The cloaca is the common receptacle, in birds and reptiles, 
for the termination of the intestine, and for the ducts of the 
urinary and generative organs. The liver of birds is large, 
and consists of two principal lobes ; it receives its venous 
blood, from which the bile is elaborated, from the renal and 
sacral veins, in addition to the gastric, splenic, and intestinal, 
which form the vena porta of Mammals. Two distinct sets 
of ducts convey the bile from this organ ; the first conduct 
the bile to the gall bladder, from which another duct pro- 
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scapula, coracoid, and clavicle; next come the radius and 
ulna, the latter being the stronger bone. The carpus con- 
sists of only two bones ; the metacarpus is composed of two 
pieces joined at their extremities ; at the proximal extremity 
on the outer side is a rudimentary digit, the ^^ thumb/* to 
which is attached a tuft of feathers called the ^^ bastard 
wing.** Succeeding the metacarpus there are two fingers, 
one of which has only one phalanx, while the other has two 
or three. In the penguin there are one or two small bones 
situated at the elbow-joint, which form a kind of patella, 
and are supposed to be portions of the olecranon process 
detached from the ulna. All these bones form the frame- 
work of the wing, and are homologous to the human arm, 
but not analogous. The pelvic arch is succeeded by a short 
and strong femur ; this is followed by a tibia and rudimental 
fibula. The tarsus is amalgamated with the metatarsus, to 
form a single tarso-metatarsal bone, which is very large in 
the grallatores ; to this bone is attached the foot, which, in 
most birds, consists of four toes, but these may vary from 
two to five ; no wild bird has more than four, but some * 
domesticated ones have five ; and, no matter what may be 
the number of toes, the number of phalanges is constant — 
thus, the outermost toe has five, the next four, the third 
three, the second, when it is present, two, and the spur or 
innermost has one. 

PiGESTioN._The digestive system of birds presents many 
extremely interesting structures, which shall be briefly de- 
scribed seriatim. The mouth, the only prehensile organ the 
bird possesses (except in the raptores and scansores, which 
use the foot as well), constitutes a beak encased in a dense 
homy sheath, and assumes various forms in the different 
genera. In many birds there is situated at the base of the 
bill a circle of skin called the ^^ cere,** which serves as an 
organ of touch. The tongue is supported by one or two 
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bony pieces proceeding from the os hyoides, and is covered 
by a horny sheath ; it assists in deglutition, and has little or 
no gustatory function ; and in the parrot tribe, is used as a 
thumb opposed to the upper mandible ; in the woodpeckers 
it is turned into a regular harpoon, and, in the honey -eating 
birds, has, at its extremity, a tuft of horny filaments, not 
unlike a camePs hair brush. Salivary glands are always 
present, are simple in structure, and small, except in the 
woodpecker; in this bird they attain a large size. The 
pharynx is simple, and leads into an oesophagus or gullet, 
-which, in the flesh-eating and grain-eating birds, is dilated 
into a ^^crop'* or ^^ngluvies" that acts as a store-house; the 
gullet again contracts to its former size, and then dilates a 
second time, to form the " proventriculus " or "bulbus 
glandulosus:'* this is the true digestive stomach that secretes 
gastric juice, and terminates in the gizzard. The walls of 
the gizzard are very strong and muscular, especially in the 
grain-eating birds, who triturate their food therein with the 
assistance of small pebbles, instinctively swallowed for ^his 
object, which act as teeth. In birds of prey that live on 
easily digested fdod, the walls of the gizzard are thin. The 
intestinal canal extends from the gizzard to the cloaca, and 
at its commencement receives the secretions of the liver and 
pancreas; it is comparatively short, though longer in the 
grain-eaters than in the flesh-eaters, and two blind tubes 
mark the distinction between the large and small intestines. 
The cloaca is the common receptacle, in birds and reptiles, 
for the termination of the intestine, and for the ducts of the 
urinary and generative organs. The liver of birds is large, 
and consists of two principal lobes ; it receives its venous 
blood, from which the bile is elaborated, from the renal and 
sacral veins, in addition to the gastric, splenic, and intestinal, 
which form the vena porta oi Mammals. Two distinct sets 
of ducts convey the bile from this organ ; the first conduct 
the bile to the gall bladder, from which another duct pro^ 
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ceeds to the duodeDQin ; the second go directly to the intes- 
tine, consequently the ^^ ductus communis choledochus" of 
Mammals is absent. The gall bladder is absent in some 
birds, as the ostrich, pigeon, parrot, and toucan. The pan- 
creas, from which emanate generally two or three pancreatic 
ducts, is large and well developed ; the spleen is small ; the 
kidneys are long, and situated in recesses in the lumbar 
region ; they are composed of cortical substance only. There 
is no urinary bladder, and the urine is almost solid, forming 
a pulpy mass, which chiefly consists of urate of anmaonia 
and uric acid. There are two thoracic ducts, which pour 
their contents into the right and left subclavian veins. Lac- 
teals and lymphatics are well developed. 

Respiration is more perfectly accomplished in birds 
than in any other division of the vertebrata. The lungs, 
two in number, are large, spongy, bright red in colour, 
and immovably confined to the back part of the chest, 
so that expiration is effected by means of the sternum 
being drawn towards the vertebral column by muscular 
action, while inspiration is due to the sternum regaining 
its original position through the resiliency of its con- 
nexions. The majority of birds possess a double larynx, 
one situated at the top, the other at the termination of 
the trachea just before it bifurcates into the two bron- 
chial tubes; this latter, when it exists, is the true seat of 
vocalization. The trachea, in many birds, especially among 
the grallatores, dilates into wide chambers of various forms, 
the object of which is unknown, and in the wild swan 
becomes lengthened and contorted in a remarkable manner 
before it terminates. The bronchial tubes branch dichoto- 
mously through the lungs, and conduct the air by two large 
apertures into the common thoracico-abdominal cavity (for 
the diaphragm is absent except in the apteryx and a few 
others), which is divided into a number of " air receptacles " 
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by means of fibrous septa ; from these the air gains admis- 
sion into a greater or less number of bones — thus, in birds 
of flight, the upper extremities alone are pneumatic ; in the 
cursorial, the lower ones only. In the pelican and ganet, all 
the bones, except the phalanges of the toes, are pneumatic, 
and in the horn-bill even these are so, while in the penguin, 
which does not fly, none of the bones are pneumatic. In 
young birds the bones are filled with marrow instead of air. 

C1RCU1.AT10N In birds, as in Mammals, there is both a 

pulmonic and systemic circulation. The heart consists of 
four distinct chambers, and is placed in the median line. 
The principal difference between the heart of birds and 
Mammals is found in the right yentricle, where a single 
thick triangular valve represents the tricuspid valve of 
Mammals ; two superior vense cavsB and one inferior open 
into the right anride (this is likewise the case in proboscidea 
and rodentia) ; the aorta arches over the root of the right 
lung. The blood and general temperature of the body is 
much warmer in birds than in Mammals. 

l^BRvoDs System — The nervous system consists of both 
the cerebro-spinal and sympathetic systems, and presents a 
general resemblance to that of Mammals, but is not so 
highly developed ; a marked superiority is, however, observed 
when compared with that of reptiles. The cerebrum pos- 
sesses no convolutions ; the corpus callosum and fornix are 
wanting, and in their stead there is a simple commissure. 
The cerebellum consists only of a central portion, and there 
is no pons varolii. A narrow canal runs through the centre 
of the spinal cord, which dilates inferiorly into a cavity filled 
with a watery fluid ; the cord becomes thickened where the 
plexuses are given off that supply the wings and legs. The 
sympathetic system is well developed, and is arranged in the 
same way as in man. The situati6n of the cervical ganglia 
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is remarkable, as they are lodged in a long canal formed by 
the transverse process of the cervical vertebrae, which also 
contains the vertebral artery. 

Sen6£8 : — 

Taste, — The sense of taste is very imperfect, as the skin 
of the tongue is covered with a thick homy sheath, and 
there is a total absence of gustatory papillsB. 

Touch, — This sense is also extremely imperfect, as the 
body is clothed with feathers, and the limbs are covered with 
plumes or homy scales, whereby the bird is rendered ill 
adapted for receiving sensory impressions from external 
objects; it is, however, chiefly located in the bill, tongue, 
and soft corium of some birds* feet. 

Smell, — This sense is, comparatively, better developed 
than the others. There are two nasal cavities, separated by 
a perfect septum narium, and in each are three turbinated 
bones, the middle being the largest. The olfactory nerves 
enter the nose by a single aperture (except in the apteryx), 
as there is no cribriform plate in the ethmoid bone. The 
nostrils are simply holes that perforate some part of the 
homy sheath which covers the upper mandible; they are 
absent in the pelicans. 

Hearing The pinna or auricle is absent (in the bustard 

a circle of feathers around the ear acts as a pinna). There 
is a short external auditory meatus, while one bone, called 
the columella, usurps the place of the small bones situated 
in the middle ear of man. The vestibule aod semicircular 
canals are well developed, and the cochlea is bent, but does 
not form a spiral tube — nevertheless, it is divided by a 
lamina spiralis into a scala vestibuli and scala tympani. 

Sight The eye of a bird, when contrasted, on the one 

hand, with that of Mammals, and, on the other, with that 
of fishes, presents many striking points of difference, and 
affords an example of an optical instrument of exquisite 
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construction, designed to suit the condition in which its 
possessor is placed. The first thing that strikes the observer 
is the peculiar shape of the eye, which is not spherical as in 
man, nor fattened as in fishes, but becomes elongated from 
before backwards, thus rendering the cornea extremely pro- 
minent, the effect being to allow more room for a larger 
quantity of aqueous fluid, and to permit the lens to be 
removed farther from the retina, and thereby produce a 
greater convergence of the rays of light, in consequence 
of which the animal can discern objects placed near it. In 
addition to the ordinary tunics and humours of the human 
eye, a bird possesses, first, from thirteen to twenty imbri- 
cated bony plates, imbedded in the anterior portion of the 
sclerotic — these plates preserve the conical shape of the eye ; 
second — ^an erectile structure termed the ^^ marsupium^^ or 
^^pecten^^^ situated in the posterior part of the vitreous 
humour, that regulates the focal distance between the lens 
and retina ; thirdly — muscular fibres arranged round the 
circumference of the cornea, and attached to its internal 
layer for the purpose of drawing back the cornea: these 
were discovered by Sir Philip Crampton. The iris is re- 
markable for the activity and extent of its movements, 
which, in many birds, appear to be voluntary. The muscles 
in the orbital cavity of a bird are the same as in man, with 
the addition of a special depressor of the lower lid, and the 
pyramidalis and quadratus muscles. The superior oblique, 
however, arises from the anterior part of the orbit, and does 
not pass through a pully. £ye-lashes are nearly always 
absent, but, in addition to the upper and lower lids, birds 
have a third or membrana nictitans^ which is swept across the 
eye by means of the pyramidalis and quadratus muscles, in 
the following manner, viz. : — The quadratus arises from the 
upper part of the globe, descends towards the optic nerve, 
and terminates in a pully ; the pyramidalis arises from the 
inner aspect of the eye-ball, forms a tendon that passes 

£ 



58 Vertebrata. 

through the pully of the quadratus, and winds around the 
optic nerve, to be inserted into the lower comer of the mem- 
brana nictitans. When both these muscles contract, the 
membrana nictitans is drawn across the eye ; this membrane 
is transparent, for birds look through it, as, for example, 
when the eagle looks at the sun. The lachrymal gland is 
situated in the same place as in man, but there is found, in 
addition to what man possesses, a gland called the ^^har- 
derian glandy'*'' placed behind the conjunctiva at the nasal 
angle of the eyelids, and supposed to be the representative 
of the meibomian follicles. 

Feathers All birds are clothed with an epidermic 

covering called feathers, which agree in their mode of 
development with the hairs of Mammals, but are more 
complicated in their structure. A typical feather consists 
of the following parts — the "quill" or "barrel," the central 
axis or shaft, the webs or vane. The quill or barrel is a 
horny cylinder, narrowed at the extremity, which is inserted 
into the skin on its own dermal papilla, and contains some 
shrivelled skin called " pith," which was originally prolonged 
into the quill as a vascular membrane from the formative 
papilla. The shaft is a continuation of the quill, and tapers 
gradually towards the extremity of the feather ; there is a 
longitudinal groove on its under surface, and it is convex on 
its upper ; it is composed of a white spongy substance, like 
the pith of a plant, covered with a homy sheath. The webs 
are composed of numerous barbs that arise from the shaft, 
and are arranged in a single series on each side, while the 
barbs are connected to each other by means* of minute fila- 
ments named "barbules." At the point where the shaft 
joins the quiU, there is a small feather called the " plumule." 
Some of the barbs in the lower part of the feather are not 
connected by barbules, and constitute the down. In the 
ostrich and emeu all the barbs are disconnected, hence the 
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soft character of the plumage of these birds. The two prin- 
cipal modifications of feathers are the quills and plumes, the 
former are confined to the wings and tails, the latter form 
the general covering of the body. The largest quill feathers 
arise from the bones of the hand, and are called ^^ primaries;" 
the next arise from the distal end of the fore-arm, and are 
termed ^^ secondaries ; ^* while the last arise from the proxi- 
mal end of the fore-arm, and are called " tertiaries." The 
feathers covering the humerus and scapula are called ^* scapu- 
lars," while the rudimentary thumb carries the "alula" or 
bastard wing. The bases of the quill feathers are covered 
with feathers called the " wing coverts," which are divided 
into primary and secondary, while the feathers of the tail 
are furnished with numerous muscles, and their bases are 
covered above and below by feathers called the "tail 
coverts." Feathers are developed from dermal papillsB 
situated in a sac of the true skin, which is at first closed, 
but subsequently envelopes - the base of the full-grown 
feather. Once or twice a year the whole plumage of the 
bird is renewed, and this is termed moulting. Besides the 
feathers above described, the skin of many birds, especially 
the aquatic species, is covered with a thick coating of down. 
This down is composed of a multitude of small feathers of a 
peculiar construction ; each down feather consists of a small 
soft tube imbedded in the skin, from the interior of which 
springs a small tuft of filaments without any shaft; these 
filaments are very slender, and have on either side a series of 
still more minute filaments. An unctuous secretion, pro- 
vided for the purpose of lubricating the feathers, is secreted 
by the "uropygium" or coccygeal oil gland, which is situated 
at the back of the coccyx. 

Reproductive Organs. — The male generative organs of 
birds consist of two testes, situated in the lumbar region in 
frwt of the kidneys, from each of which a vas deferens 
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arises, and terminates in the *'*' cloaca/' In the majority of 
birds there is no penis, bat in lieu thereof there are two 
small papillaB at the termination of the vasa deferentia, so 
that copulation must take place by simple juxta-position of 
the sexual orifices. In the natatores and cursores, however, 
there is a rudimentary penis. The female organs of genera- 
tion present some remarkable points of interest, as they are 
not symmetrically developed on the two sides of the body, 
the right oviduct, and most frequently the corresponding 
ovary, remaining permanently atrophied. The oviduct on 
the left side commences with a wide, funnel-shaped aperture, 
and then becomes convoluted like the intestine, and ulti- 
mately terminates in the cloaca ; its lining membrane varies 
with the different functions that the successive portions of 
the tube are called upon to perform. Thus the mature 
ovulum, on escaping from the ovisac of the ovary, enters the 
oviduct ; as it is passing through the first portion of the 
oviduct termed the " in/Mndi6ttZwm," it is covered by the 
albumen and chalazss which this portion of the tube secretes 
the succeeding portion, called the ^^ isthmus,'*^ secretes the 
membrana ^^ putaminis ; " and the last, denominated the 
''*' uterus" famishes the shell, afler which the egg is expelled 
through the cloaca. It is there developed by the process of 
incubation, and the young bird, when ready for an inde- 
pendent existence, perforates the shell, often by means of a 
temporary calcareous nodule developed on the tip of the biU. 
Before proceeding to describe the regular classification of 
birds, it should be mentioned that those which remain per- 
manently in the place where they were hatched are called 
^^ permanent birds '* (aves manentes) ; those that wander 
&om place to place without following any definite rule are 
termed " wandering birds " (aves erraticae) ; while those 
that undertake long journeys at fixed periods are deno- 
minated "migratory birds*' (aves migratorise). Birds are 
divided into the following eight orders: — 
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1. Natatores — Bwimmera. 

2. GrallatoTes — Btilt-walkerB. 

3. Raptoree — snatchers. j-t * ^ / • « iv 
. -n ^ X. y CannatsB (carina, a keel). 

4. Kasores — Bcratcnera. ' \ ' / 

5. Scansores — climbers. 

6. Ins^sBoreB — sitters. 

7. Cursores — ^ninners BatitsB {ratis, a raft). 

8. Saumrse {aa^pos, a lizard) — extinct Saurune. 

(Huxley). 

I. Natatores, or swimming birds, have a boat-shaped 
oody, with a long neck; the legs are short, and placed 
oehind the centre of gravity of the body; the toes are 
always more or less webbed, and are closely oovered with 
feathers and down; the oil gland ^^ uropygiam ** is greatly 
developed. They are mostly polygamous, and the yomig 
can feed themselves when they are hberated from the shell. 
They are divided into the following families : — 

a. Brempermes — Penguins, Divers, Puffins, &c. 

b. Lamellirostres — Ducks, Geese, Swans. 

c. Toti'palmcUce — Pelicans, Cormorants, Ganets. 

d. Longipennes — Petrels, Seagulls, Albatroses. 

■ 

II. GaALLATOR£S, or wading birds, have long legs, desti- 
tute of feathers from the tibia downwards ; the toes are long, 
nraight, and never webbed; the wings are long, and the 
power of flight great ; the tail is small, and the legs are 
itretched out behind during flight; the body is usually 
ilender, and the neck and beak long. They are divided 
into the following families: — 

a. Macrodactylei — Rails, Water-hens, Coots. 
h. Cultirostres — Cranes, Storks, Herons, Ibices. 

c. Longirostres — Curlew, Snipe, Woodcock, Red Shanks. 

d, Pressirostres — Plovers, Bustards, Oyster-catchers. 
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III. Raptores, or birds of prey, have a powerful muscu- 
lar bT)dy, short and strong legs, with three toes in front and 
one behind, furnished with long curved claws or talons ; the 
bill is hooked, the upper mandible being the longest ; the 
wing is generally pointed and large. They are monoga- 
mous, the female being larger than the male. They are 
divided into — 

a. Nocturnal Raptores — Owls (strigidas). 

b. Diurnal Raptores — Falcons, Eagles, Hawks, Vultures. 

IV. Rasores, or scratchers, also called gallinaceous birds, 
have strong legs, generally covered with feathers to the 
lower part of the tibia. There are four toes, three in front 
and one behind ; the latter, called the ^^ hallux," is placed 
higher up than the others; all the toes have strong blunt 
claws, suitable for scratching. The beak has the upper 
mandible convex, and the nostrils pierce a membranous 
space at its base, and are covered by a cartilaginous scale. 
They have a large crop, and a very powerful gizzard. The 
sternum is truncated in front, and the os furculum is con- 
nected to it by ligament only. The wings in the majority 
of these birds are weak, and their flight is consequently 
feeble. They are divided into — 

a. Gallinacei or Clamatores — Fowl, Turkey, Partridge, 
Grouse, &c. (the males usually have a spur called 
calcar). 

h. Columhacei or Gernitores — Doves, Pigeons, <&c. 

V. ScANSOBEs, or climbing birds, are at once distinguished 
by their feet being provided with four toes, two of which 
are turned forwards, and two (the hallux and outer toe) 
backwards; in a few the hallux is absent. They are all 
monogamous, and comprise the cuckoos, woodpeckers, par- 
rots, and toucans. 
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YI. Insessobes, also called perchers, passeres, and song- 
sters, form the most numerous order of birds. They are 
monogamous, and build their nests on trees; the females 
are smaller and less brilliantly coloured than the males ; the 
young leave the egg in a blind and naked condition. The 
brain in this order attains its greatest comparative size, and 
the organ of voice its greatest complexity. They have 
short, slender feet, with four toes, three in front and one 
behind, each furnished with a claw. The following is the 
mechanism by means of which these birds, in common with 
all others that roost, are enabled to maintain their equili- 
brium when at rest : — ^^ In the hind limb of most birds there 
is a singular extensor muscle, which arises from the pubis, 
ends in a tendon which passes to the outer side of the knee- 
joint, and terminates in the leg by uniting with the flexor 
digitorum perforatus. The result of this arrangement is 
that the toes are flexed whenever the leg is bent upon the 
thigh, and consequently the roosting bird is held fast upon 
his perch by the weight of his own body" — (Huxley). They 
are divided, in accordance with the form of the beak, into — 

a. Conirostres^ e.g.^ Sparrow, Bullfinch, Crow, Starling, 
Larks, Finches, &c. 

h. DerUiroslre.% e.g.^ Thrushes, Blackbirds, Fly-catchers, 
Tits, Warblers, Shrikes. 

c. TennuirostreSy e.g,^ Creepers, Honey-eaters, Humming- 

birds, Sun- birds, &c. 

d. Fissi-rostres, e.g., Swallow, Martin, Swift, Goat- 

sucker. 

VII. CuRSORES, or runners, are characterized by the rudi- 
mentary condition of their wings, the great length and 
strength of their legs, the absence of a keel on the sternum, 
the junction of the two pubic bones to form a symphisis, 
the presence of marrow in many of their bones, and the 
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absence of barboles. This order contains the African ostrich, 
with two toes ; the American ostrich (rhea), the emeu, and 
the cassowary, with three toes each, also the apteryx. 

YIIL Saububjb This order contains the single extinct 

bird called the archseopteryx macrura, which differed from 
all known birds in having had two free claws to the wing, 
and a long tail composed of separate vertebrse, without any 
ploughshare bones. 
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CHAPTER V. 

RfiPTiLiA! General Characters and Orders. 

Reftilia (repo^ I creep) have received this designation 
from their creeping method of locomotion, and are typically 
represented by serpents and snakes who actually creep. 
They constitute a large and important class of the verte- 
brata, and are extremely interesting to man, in consequence 
of their containing a number of venomous and formidable 
animals. 

Osteoloot — The skull articulates with the vertebral 
column by means of a single condyle; each side of the 
lower jaw is composed of several pieces, and articulates with 
the skull by the intervention of the os quadratum. The 
number of vertebrsB comprising the spinal column varies 
very much in the different orders. In the majority of 
existing reptiles, each vertebra is procselous (irp6f in front ; 
and KolKos, hollow), t.c., concave in front, and convex behind, 
80 that there is a perfect ball and socket- joint formed 
between every two contiguous vertebras. The limbs may be 
absent, as in snakes, or rudimentary, as in some lizards, but 
generally both pair are present. Ribs are always present, 
but they vary greatly in form. A thin section of a reptilian 
bone, under the microscope, exhibits elongated oval dilata- 
tions on the plasmatic canals, best defined in the serpents, 
^•9", python. 
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Digestion. — Teeth are usually present, but are not placed 
in alveoli, except in the crocodilia ; in the tortoise and turtle 
there are no teeth. The alimentary canal is contained in a 
common thoracico-abdominal cavity, and its different por- 
tions have received the same names as those of other verte- 
brata ; it always terminates in a common ^^ cloaca,^* which 
receives the products of the urinary and generative organs. 
All the members of this class possess a lacteal and lymphatic 
system, salivary glands (rudimental), liver, spleen, pan- 
creas, and kidneys, all of which perform their wonted 
functions. 

Respiration. — All reptiles possess lungs, but never bran- 
chiae at any period of their existence; the lungs are less 
cellular than in birds and Mammals, and occupy the common 
thoracico-abdominal cavity, for the diaphragm is absent, 
though traces of it exist in crocodiles. 

Circulation The heart consists of two auricles, and 

one ventricle divided into two parts by an incomplete 
septum ; the septum is, however, complete in crocodiles, but 
even in these there is a communication between the aorta 
and pulmonary artery, called the ^^ foramen of Panizza," 
immediately after these vessels spring from the heart, which 
permits the admixture of the arterial and venous blood. 
The following is the course taken by the blood, which is 
cold, and has its red corpuscles nucleated : — All the venous 
blood of the body is poured into the right auricle by the 
caval veins, and thence passes into the ventricle; all the 
pure arterial blood coming from the lungs enters the left 
auricle, and is then driven into the ventricle — ^thus, the 
ventricle contains a mixture of arterial and venous blood, 
and when* it contracts, it propels this mixed blood through 
the body by means of the aorta, and to the lungs by means 
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of the pulmonary artery. In consequence of this peculiarity 
in their circulation, reptiles have a low temperature and slow 
circulation. 

Nbrvous System The brain of reptiles is very like that 

of fishes, but the cerebral hemispheres are larger, and con- 
tain a cavity. The spinal cord is large, as compared with 
the brain, and a canal runs through its entire length, as in 
birds. 

Senses — The senses of touch, taste, and smell are very 
imperfect. The sense of sight is good, the coats and dioptric 
media of the eye being similar to those of man. A lachry- 
mal-apparatus is always present, but in the ophidia there 
are no eyelids. All reptiles possess — an internal ear, con- 
sisting of a vestibule, three semi-circular canals, and a rudi- 
mentary cochlea; a middle ear, containing three ossicula 
(ophidia have only one ossicle, called the columella), a Eus- 
tachian tube, and membrana tympani. 

Reproduction. — The males possess testes that are abdo- 
minal in position, and vasa deferentia which terminate in a 
penis. Lizards and serpents have a double extra-cloacal 
penis ; in tortoises and turtles this organ is single, and intra- 
cloacaL The female generative system requires no special 
notice. Most reptiles are oviparous, but some are ovo- 
viviparous. The remaining peculiarities will be mentioned 
in describing the different orders. Reptilia are divided 
into — 

Saurian \ ^' Crocodnia UpoM^iKos, a 

J^^A,. 1 crocodille) 

(traiJpos, a lizard) | ^ Lacertilia {lacerta, a lizard) 



3. Ophidia (^i;, a snake ; and 

€Tios, form) 

4. Ghelonia {x^Xxltvri, a tortoise) 



Becent 
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5. Icthyopterygia (tx^^s. a fish ; 

and vrep&yioy, a little wing) 

6. Sauropterygia {tra^pos, and 

irTep<57toi') 

7. Anomodontia (ivo/ios, irregular ; 

and 6S065, a tooth) 

8. Pterosauiia {m^pAy, a wing ; 

and ffoOpos) 

9. DeinoBauiia {^^iv6s, frightful ; 

and (Taipos) 



I. Crocodilia, — All the members of this order are car- 
nivorous; they inhabit fresh water, and are found in the 
large rivers of both the Old and New World. They possess 
the following characteristic peculiarities : — The bones of the 
skull are firmly united together, but the sutures uniting 
them never become obliterated, so that the individual bones 
can easUy be demonstrated; the two rami of the lower jaw 
are united in front by a suture. There is a single row of 
teeth implanted in distinct sockets ; the base of each tooth 
is hollow in consequence of the absorption produced by the 
succeeding tooth, which is half formed, and occupies this 
cavity, at the base of which may be found the germ of 
another tooth — thus, nature has provided the means for the 
successive replacement, during the life of the animal, of each 
tooth as soon as it is worn out. The vertebral column is 
always completely ossified, and is divided into cervical, 
dorsal, lumbar, sacral, and caudal regions; the cervical 
vertebrae are generally nine in number, the dorsal eleven 
or twelve, the lumbar three or four, the sacral two, and 
caudal never less than thirty >five; the presacral vertebrae 
are said to be always twenty-four. All the vertebrae in 
existing crocodilia (except the atlas, axis, two sacrals, and 
first caudal) are procselous. The cervical vertebrae have 
small ribs attached to them, and for this reason these 
animals have much difficulty in turning their necks. The 
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caudal vertebne have both a hsemal and a neural arch. The 
thorax is composed of a sternum and two sets of ribs, viz., 
dorsal and sternal, connected together by cartilage. The 
anterior portion of the sternum is osseous, but posteriorly it 
becomes cartilaginous, and is prolonged as far as the pubis, 
on each side giving attachment to eight abdominal ribs, 
supposed to be represented in man by the tendinous inter- 
section of the rectus abdominis muscle; there are no cla- 
vicles. All four limbs are present, the anterior being pro- 
vided with five toes, the posterior with four. The mouth is 
large, and, in addition to the conical teeth already described, 
contains a large, fleshy, movable tongue. The orifice lead- 
ing from the mouth into the pharynx and larynx can be 
closed by means of a strong valvular apparatus, formed by 
a prolongation of the soft palate, and a muscular membra- 
nous expansion arising to meet this from the hyoid bone; 
and as the nostrils open at the extremity of the mouth by a 
single aperture, the crocodile is able, without any inconve- 
nience, to hold his prey under water, the nostrils opening 
into the pharynx behind this valvular septum. The seso- 
phagus is short, and leads into a strong gizzard-like 
stomach, which often contains stones to assist in the proper 
trituration of food.* The pyloric opening, guarded by a 
valve, is situated near the cardiac extremity, and leads into 
a short intestine, which terminates in a common cloaca, the 
aperture of which is longitudinal. The heart consists of 
four distinct chambers, as the ventricular septum is com- 
plete, but nevertheless the arterial and venous blood always 
communicate through the *^ foramen of Panizza," which is 
situated between the pulmonary artery and aorta, imme- 
diately after their origin. The eyes possess the same tunics 
and humours as in man, and are guarded by three eyelids. 



* Professor Hanghton found several flint stones in an alligator which he 
dissected. 
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The ear consists of a vestibule, three semi-circular canals, 
a rudimentary cochlea ; a middle ear, containing three 
ossicles, a membrana tympani, and a movable ear-lid. The 
body is covered by a layer of homy epidermic scales, resting 
on a dermal skeleton of bony plates or scutes, which may be 
present only on the dorsal aspect, or may exist on the ven- 
tral as well. This order is divided by Professor Owen into 
the following sub-orders: — 

a. ProcaBlia {irp6^ in front ;/ and KoiXos, hollow). — Beoent. 
h. Amphicaelia (&fi4>l, on both sides ; and KoiXos) ) ExtmcL 
c. Opisthocselia (6iri<rd€, behind ; and koIKos) ) 

ProcsBlia contain all the existing members of the crocodilia, 
and are divided into — 

1. Gavial (India), having a long snout, and numerous 
even teeth. 

2. Crocodile (Nile), having a long obtuse snout, and the 
fourth tooth in the upper jaw large and visible. 

3. Crocodile vel Alligator (America), having a broad 
snout, and the fourth tooth in lower jaw large and concealed. 

II. Lacertilia. — All the members of this order are dis- 
tinguished by the following characters: — The majority of 
them have four limbs, a few have only two, while some have 
none; all, however, possess a scapular arch; movable eye- 
lids are generally present — in the snake-like forms always 
so — thus at once distinguishing this order irom the ophidia. 
The dorsal vertebrae are generally procselous, rarely amphi- 
cselous ; there is a single transverse process, and the heads 
of the ribs are simple ; there is no sacrum. The teeth are 
never implanted in distinct sockets. The heart consists of 
two auricles, and a single ventricle, which is incompletely 
divided by a septum. The aperture of the cloaca is trans- 
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verse. An cxoskeleton, composed of horny epidermic scales, 
is almost always present. This order includes the Lizards, 
Chamseleons, Igaanas, (xeckoes, and Slow- worms. 

1. Lizards (lacertidse) This groap comprises the typical 

lizards. They have two pair of well-developed limbs, each 
furnished with five toes of unequal length. The body is 
covered with scales, which are developed into shields or 
^^ scuta** over the abdomen and on the head; the tail is 
rounded; the tongue is slender, bifid, and protrusible. 
This family includes the sand-lizard (lacerta agilis), the 
viviparous lizard (zootoca vivipara), and the green h'zard 
(lacerta viridis). Closely allied to the true lizards are the 
monitors (varanidie), in which the abdomen and head are 
covered with scales instead of ^* scuta** — ^these are the 
largest of all existing lizards, some attaining the length 
of fiiom six to eight feet. 

2. ChamcBleons are easily distinguished from the other 
members of this order by their peculiar tongue, which is 
long, fleshy, round, glutinous, and exsertile (exserius, thrust 
out) ; they can project it at a fly with extraordinary 
rapidity. Their tail is prehensile; both eyelids unite to 
form a single circular eyelid, having an aperture in the 
centre. They are also remarkable for possessing the power 
of changing their colour. 

3. Iguanas are known by their tongue, which is thick, 
fleshy, notched at its extremity, and non-protrusible — 
besides, there are generally present a dorsal crest and throat 
pouch (goitre). The body is covered with imbricated scales. 
They are sometimes divided into ^^ ground iguanas,** having 
a flattened head and depressed body, and "tree iguanas,** 
in which the body is compressed laterally. It is stated that 
they can sometimes be tamed. Allied to the iguanad are 
the singular lizards called " flying dragons ; ** they are small, 
arboreal in their habits, and live upon insects. The anterior 
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ribs are strangely modified, inasmuch as they pass straight 
out from the spinal column, and support an expansion of 
the integument, which acts as a parachute, thus allowing the 
animal to take extensive leaps. 

4. Geckoes^ so called from the peculiar sound they utter, 
are nocturnal in their habits. They do not possess movable 
eyelids, but the eyes move freely behind a transparent fixed 
eyelid. Their toes are on each side provided with a leaf- 
like expansion, hence they can climb even vertical surfaces, 
or walk along the ceiling ; it is supposed that this mechan- 
ism causes the toes to act as small suckers, and that the 
body is supported by atmospheric pressure when they walk 
along a ceiling ; the toes are also sometimes furnished with 
retractile claws. 

5. Slow-worms (blind- worms) are very snake-like in their 
external appearance, as they possess no limbs. The scapu- 
lar and pelvic arches are, however, always present in a 
rudimentary condition ; the eyes are provided with movable 
eyelids, having a longitudinal slit. When frightened, they 
can stiffen thejr muscles to such an extent that the tail can 
readily be broken off, as if it were brittle — hence they are 
called ^' angues fragiles." They are harmless, and live upon 
insects, slugs, &c., and remain under ground during the 
winter in a state of torpor. 

m. Ophidia. — ^This order comprises all the snakes and 
serpents; they are true reptiles, as they possess no limbs 
whatever, and are known by the following characters: — 
The body is elongated, cylindrical, and covered with a scaly 
epidermic investment (there is never a bony exoskeleton 
present), which is generally shed in one piece, and re- 
produced at definite periods. In the rattle-snake this epi- 
dermic covering becomes modified at the extremity of the 
tail, and forms the rattle, which is composed of several 
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homy rings, loosely joined together. The number of ver- 
tebrae in the spinal column is considerable (amounting in 
some of the large pythons to more than four hundred), 
divided into caudal and prsecaudal regions, there being, no 
sacrum ; the dorsal vertebrae are procaelous, and have rudi- 
mentary transverse processes. The sternum, scapular arch, 
and fore-limbs are always absent, and, as a rule, there are 
DO traces of the hind limbs — rudimentary hind limbs are, 
however, represented in the pythons by a few imperfectly 
developed bones situated on each side of the anal vent in 
the muscles of the abdomen, which, when they project 
externally, are called "claws" or "spurs" Ccalcaria). The 
two rami of the lower jaw are composed of several pieces, 
united in front by ligaments and muscles only ; the os quad- 
ratum is movable, and so are the mastoid and tympanic 
elements of the temporal bone; the maxillae are united to 
the praemaxillae by muscles and ligaments, and the arches of 
the palate are also movable. In consequence of this great 
mobility of all the bones surrounding the oral aperture, the 
ophidian reptiles are enabled to open their mouths to an 
enormous extent, and swallow their prey whole. The teeth 
in these animals are never placed in sockets, but are firmly 
anchylosed to the jaws; they are curved inwards, and are 
never used in mastication, but are simply employed in 
seizing and holding their prey. A very curious and inter- 
esting modification of the reptilian dental system occurs in 
the venomous snakes, where there are two poison-fangs 
united by movable joints to the superior maxillary bones, 
and communi9ating with the duct of a poison -gland, which 
is situated under and behind the eye. Each poison-fang is 
formed by a flexion inwards of a simple slender tooth 
(Owen), so as to form a tube, the opening of which is near 
the apex of the fang; when not in action, the fang lies in 
the gum pointed backwards, but, when its owner is about 
to bite, it is raised from the gum and pointed downwards^- 
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at the same time the poison is expelled from the- gland, 
partly by the contraction of the muscular walls of the gland, 
and partly by the muscles of the jaws, especially the tem- 
porals. This poison-gland is supposed to be one of the 
buccal salivary glands, modified in structure, so as to per- 
form a different function; the poison secreted by it is a 
greasy, gelatinous, tasteless fluid, retaining its poisonous 
qualities for a long time if not exposed to heat, and drying 
in the air into scales ; it is said to be harmless if swallowed. 
There are two or three other poison-fangs kept in reserve 
above and behind the one in use, ready to take its place 
if broken or destroyed. In most venomous reptiles there 
are no other teeth in the superior maxillary bones except 
the poison-fangs and their successors ; in some, however, 
there are a few behind the poison-fangs, while all possess 
palatine teeth like the harmless snakes ; lastly, in a few the 
terminal maxillary teeth are deeply grooved, but are not 
connected with the duct of any poison-gland. The ribs are 
very numerous and extremely movable, each terminated by 
a cartilage which is attached to the abdominal "scuta" by 
muscular connexions, and thus an ophidian reptile is said 
to walk on the extremities of its ribs. The heart has two 
auricles and one ventricle, the latter being imperfectly 
divided into two chambers by an incomplete septum. The 
lungs and other duplicate organs are generally symmetrical, 
one of each pair being rudimentary or absent. The urinary 
bladder is wanting ; the aperture of the cloaca is transverse. 
The tongue is bifid and protrusible at will, and, when pro- 
truded, is in constant vibration ; it is composed of two 
muscular cylinders united at their base, and is an organ of 
touch rather than of taste. The eye-ball is covered by a 
layer of transparent epidermis, attached circnmferentially 
to a circle of scales (these scales are in lieu of eyelids), 
which is termed the " antocular membrane ; ** the posterior 
surface of this membrane is lined by a reflexion of the con- 
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junctiTal covering from the globe of the eye, forming a 
cavity called the ^^ antocular cavity,** into which is poured 
the lachr3rmal secretion by which the eye is moistened. The 
antocular membrane is periodically shed with the rest of the 
epidermis, thus rendering the animal blind for a few days. 
In most snakes the pupil of the eye is round, but in the 
venomous serpents and boas it is a vertical slit. Ophidia 
are sub-divided as follows : — 



1. ViperinsB, with 
only two per 
f orated fangs in 
upper jaw. 



ith f 



c.^., Homed Vipei; — Africa. 
Cconmon Viper — England. 
Rattle Snake — America. 
Death Adder — Australia. 
Puff Adder — Cape of Grood Hope. 
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( €L JxatocQA, have ( e.g., Binged Snake 
solid teeth in ) (England), 

upper jaw, no J „ Boas, 
fangs. [ „ Pythons. 



2. Colubrinse, having 
solid teeth, with 
or without fangs 
in upper jaw. 



b. Suspecta, have 
fangs behind 
solid teeth. 



eg. 



ft 
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c. Venenoea, have 
fangs in front 
of solid teeth. 



e.g. 



\ 



If 
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HomalopBidiB 
(dfjiaX'fif smooth; 
and iilfis, aspect). 

Dipsadidse 
{Biifo, thirst). 

Dendrophidse 
{Z^yHpoy, a tree; 
& tf^if, a snake) 

Cobra-di-capello 
HydrophidsB 

{iBwp, water ; 

and i^is). 
Naia, Ha je, Egypt 



IV. Ghblonijb — This order embraces a curious and 
interesting group of reptiles, comprising the turtles and 
tortoises. They are immediately recognized by the bony 
box which forms a protecting case for the body, within 
which the limbs and tail can almost always be withdrawn at 
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will, and generally the head as well ; this bony box is com- 
posed of two portions, an upper portion called the dorsal 
shield, or '^carapace," and a lower called the ventral, or 
" plastron." The carapace is formed by the spinous processes 
of the dorsal vertebrse, which are flattened out laterally, and 
constitute a series of broad plates, and by the ribs, which 
are also much expanded, forming what are termed the 
"costal plates." There are eight pair of ribs, generally, 
imited along their lateral margins by sutures; in some 
instances, however, there are apertures at their extremities, 
which are covered by a thickened skin or horny plates. 
Along the mar^n of the carapace is placed a series of bones 
called " marginal plates," which are, by some, considered to 
be the ossified cartilages of the ribs, corresponding to the 
sternal ribs of birds, while others regard them as dermal 
bones belon^ng to the exoskeleton. The plastron, or ventral 
shield, consists of nine bony plates, of which eight are 
arranged in pairs, but the ninth is single, and occupies the 
mesial line, being always placed between the four pieces 
composing the two anterior pairs. By some the plastron is 
considered to be an enormously developed sternum, while 
others believe it to be composed of integumentary ossifica- 
tions belonging to the exoskeleton. Both the carapace and 
plastron are covered, either with a leather-like skin, or, more 
usually, with a series of horny plates, which constitute in some 
species the "tortoise-shell" of commerce. All the bones of 
the head are immovably united together. In the adult, the 
lower jaw appears to consist of a single piece, as the different 
portions of which it had been composed in early Hfe are firmly 
consolidated. The jaws are encased in horn so as to form a 
kind of beak; and teeth are entirely absent. The dorsal 
vertebrsB, except the first, are immovably joined together, 
and there are no transverse processes ; the cervical and caudal 
vertebrae present their wonted flexibility. The scapular and 
pelvic arches are, strange to say, situated inside the ribs, being 
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completely concealed within the bony box ; the scapular arch 
consists of a davicle, coracoid, and scapula, while the pelvic 
arch is formed by the ilium, ischium, and pubes. The heart 
consists of two auricles and a single ventricle, with an imper* 
feet septum. The lungs are large, and respiration is effected 
by swallowing air, as in frogs. As most of the cheloni» 
are phytophagous (<t>vT6y, a planti; and ^ayelv^ to eat), the 
alimentary canal is consequently long and complex ; and, to 
economise space, is generally arranged in a direction trans- 
verse to the longitudinal axis of the body. The chelonisB 
are long-lived, can remain without food for a lengthened 
period, and will, it is said, live for months after the complete 
removal of the brain, while portions of their bodies retain 
their irritability for a long time. They are divided, in 
accordance with the structure of their limbs, into — 

Natatory ChelonisB — e.g.f all Turtles. 

Se.y., Mud Turtles or Soft Tor- 
toises (Tryonicidae), Terrapins 
(Emydidfe). 
Terrestrial Cheloni» — Land Tortoises. 
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CHAPTER VI. 
Amphibia. 

Amphibia (Batrachia, Cuvier), also termed diplopnaea (8tirA^. 
double ; and irvo^ breathing), are known by the following 
characters: — They all possess branchisB, which are either 
deciduous or permanent, hence, they have been uivided into 
the caduci'branchiata and perenni-hranchiata ; true lungs 
are always present in the adult. There are always two 
occipital condyles for articulating with the vertebral column. 
The vertebral centra vary much, being amphicaelous in the 
ophiomorpha (2^tr, a snake ; and ftop^, form), opisthocselous 
in the salamanders ((raXa/xavSpa, a lizard), and procaelous in 
most of the others. When limbs are present, they are never 
converted into fins, but possess the same skeletal elements as 
those of the higher vertebrata. Their bones, both in chemical 
composition and m structure, are very similar to those of 
fishes ; they have no medullary canal, no laminated arrange- 
ment, but the plasmatic canals exhibit slight dilatations, 
The heart, in the adult, consists of two auricles and a single 
ventricla The nasal sacs communicate with the pharynx. 
The skin is smooth, glutinous, and almost always destitute 
of scales. There are never fin rays present, though median 
^ns sometimes exist. There is a common cloaca. The 
embryo never possesses an amnion, and the urinary bladder 
represents the allantois. Lastly, they all undergo a meta- 
morphose after leaving the egg. All amphibia commence 
their existence as water-breathing larvae, provided with 
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branchiae and possessing all the attributes of fishes ; in some, 
only external branchi» are present, in others both an internal 
and external set are developed; the external branchise are 
the first to disappear, and subsequently, when the lungs are 
fallj developed, the internal. In the pcrenni-branchiata the 
external branchise are those that are retained. In the 
caduci-branchiata the following changes take place during 
the metamorphose of the larva : as soon as the branchiae are 
fully developed the lungs make their appearance as simple 
sacs, which become elongated, and project backwards into 
the thoracico-abdominal cavity, and increase in proportion 
as the branchiae shrivel and disappear. While this change is 
going on, the circulation is being altered from that of a fish 
to that of a reptile, in the following way: — The heart at 
first is similar to that of a fish, consisting of a single anriole, 
a single ventricle, and a bulbus arteriosus ; the blood is pro- 
pelled by the ventricle into the bulbus arteriosus, and thence, 
by the four branchial arches, to the gills, where it is purified ; 
it then enters the branchial veins, which open into a large 
dorsal vessel called the aorta, and by this it is distributed to 
all parts of the body; the venous blood is now brought 
back by the veins to the auricle, and thence to the ventricle, 
to perform the same circuit. The first change now observed 
is the appearance of small vessels connecting each branchial 
arch with the descending aorta; these gradually enlarge, 
until all the blood passes through them; the three upper 
ones form permanent channels between the bulbus arteriosus 
and descending aorta; the fourth becomes the pulmonary 
artery as the lungs develop; pulmonary veins also make 
their appearance, connecting the lungs with a superadded 
auricle ; as these alterations are going on, the course of the 
blood gradually assumes the type presented in reptiles. In 
the perenni-branchiata the three upper branchial arches 
convey blood to the gills, while the fourth becomes the 
pulmonary artery. 
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Amphibise are divided into the following four ord)erB : — 

1. Ophiomorpha (tf^is and fAopift^). 

2. Urodela {ovpdf a tail ; and $^Ai), manifest). 

3. Anoura (d, not ; and o6pd), 

4. Labyrinthodontia (KaBifpwOos, a labyrinth ; and oBoht a 

tooth). — Extinct. 

I. Ophiomorpha, also termed gymnophiona (7v/ak<(5, 
naked ; and ^is\ apoda (c^ not ; and ir<{8a, a foot), ophido- 
batrachia (^tf, elSos, species ; and fiarpdxioy, a frog), form a 
peculiar group of amphibians, containing only one family, 
the caecilians'(so called from their supposed blindness), and 
are known by the following characters :—;Their body is 
elongated, annulated, and worm-like, totally destitute of 
limbs ; the skin is soft, and generally has small horny scales 
imbedded in it ; the eyes are rudimental or wanting. The 
vertebral centra are amphicselous ; the rami of the lower 
jaw are short, an(f united in front by a symphisis ; the teeth 
are long, and usuiilly recurved ; the ribs are numerous, but 
the sternum is absent ; the tongue is ileshy and non-pcotru- 
sible; the intestinal canal is long, and the anal outlet is 
near the temiinatiofi of the body. In early life they have 
branchiae, which disappear as the animal grows older, and 
breathes by means of lungs, one of which is smaller than 
the other. These curious animals are found in Java, Ceylon, 
Guinea, and South America, and were for a long time sup- 
posed to be reptiles, until the existence of branchisB was 
discovered. 

II. Urodela. — In this order, which has also been called 
icthyomorpha, sauro-batrachia, or lizard-like amphibians, 
and tailed amphibians (because the tail remains permanent), 
the body is elongated, and always destitute of an exo- 
skeleton; they have either four feet or the two anterior 
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only ; the dorsal Tertebrse are either araphicselous or opis- 
thocsBlous ; and the transverse processes have short ribs 
connected to them. They are divided into — 



1. Ferenni-branchiata 
(amphi-nciiiBta). 



Proteus Angoinus. 



Siren. 
^. Menobranchua. 



Has the largest 
blood corpuscles 
yet discovered 
in the animal 
kingdom. 



2. Cauci-branchiata. [S^.^'^s'aSlr.^^ ^^^^ " '^*"''>- 



III. Anoura. also called therio-morpha, batrachia, chelo- 
no-batrachia, or tortoise-like amphibians, have received 
their name from the fact that the adult possesses no tail. 
In all the members of this group the four limbs are present 
in the adblt, and lungs perform the functions of the 
branchiae of the larvse. The vertebral column is short 
(there are only ten vertebrse in frogs), and the centra of 
the dorsal vertebrsB are procselous, and have long transverse 
processes attached to them. The hind limbs are, as a rule, 
larger and longer than the fore, and have their digits 
ivebbed. The tongue is attached to the symphisis of the 
lower jaw, but not to the os hyoides; respiration - is carried 
on by swallowing air, so that a frog can be suffocated by 
keeping its mouth open. The skin is soft, and assists in 
purifying the blood by cutaneous respiration ; and they 
finally undergo the following metamorphose: — The ova of 
the frog are laid in masses in the water, and the larvse, on 
leaving the egg, are called tadpoles ; these tadpoles have a 
large head, a long tail, and possess both external and inter- 
nal branchiae ; the external branchiae first disappear, and 
subsequently, when the lungs are fully developed, the inter- 
nal. The hind limbs first appear (the reverse is the case in 
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the urodela), and then the fore limbs, which are formed in 
the branchial chambers; the tail then drops off, and the 
tadpole becomes a perfect frog. This order is divided into — 

1. Frogs (ranidie), have a tongue and teetli in upper jaw. 

2. Toads (bufonid»), have a tongue, no teeth. 

3. Surinam Toads (pipidse), have no tongue, and gene- 

rally no teeth. 
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CHAPTER Vn. 

Pisces: Genbral Characters. 

Fishes form the last sub -division of the Yertebrata, and an^ 
destined solely for an aquatic mode of life. Their body is 
adapted for rapid motion in the water, and is covered by 
scales, which are either cycloid (k6k\os, a circle; and tVios, 
form), ctenoid (urelst a comb ; and e75os), ganoid (ydvosy 
lustre; and €i9os)^ or placoid (irxc^, a flat surface; and 

ttSos) (Agassiz). The body of a fish is divided into the 

head, trunk, and tail; there is no neck, and the gills are 
placed behind the head. The fins are either symmetrical or 
asymmetrical : 

Sa. Pectoral fins, homologous to fore limbs of 
other animals. 

-. ^^ .^ J Abdominal fins, homologous to hind limbs 

( of other animals. 

a. Dorsal. 
2. Asymmetrical. \ 6. Caudal. 

c. Anal. 

The limbs of fishes, when present, are always modified into 
fins, and depart widely from the limbs of the higher verte- 
brata. The anterior limbs, called the pectoral fins, are 
usually joined to the skull by the scapular arch, which con- 
sists of a supra-scapula, scapula, and coracoid bones ; there 
is generally a bone (sometimes single, sometimes composed 
of two pieces) attached to the coracoid, and supposed to 
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represent the clavicle. The humerus is usually wanting, 
while the radius and ulna, are connected to the coracoid ; 
to these succeed a variable number of bones supposed to 
represent the carpus, and the carpus, in turn, is followed by 
the fin rays, which are believed to be homologous to the 
metacarpal bones and phalanges. In the flying fish the 
pec|;oral fins are enormously developed; the hind limbs, 
called the ventral fins, are often absent, and sometimes, as 
in the cod, are placed in front of the pectoral. In those fins 
there are no representatives of the femur, tibia, fibula, or 
tarsus; the "rays" unite directly with the pelvic arch, 
which is generally imbedded in the abdominal muscles, and 
is composed of only two bones supposed to represent the 
ischia. The dorsal and' anal fins present nothing peculiar. 
The caudal fin, commonly called the tail, is always placed 
vertically, and is the chief motive power in progression ; it 
is either homo-cereal {6ii6s, similar; and K€pKos, a tail) or 
heterO'Cercal (trtpos, different ; and K^pKos) ; the former 
most frequently appears in existing fishes, and consists of 
two equal lobes, while the vertebral column stops short at 
its base ; the latter has the vertebral column prolonged into 
its upper lobe, so that it is unequally lobed. In the majority 
of fishes there exists a linear row of scales on each side of 
the body termed the " lateral line ; " every scale in this line 
is perforated by a small duct opening into a longitudinal 
canal that runs along the entire length of the body, and 
communicates with certain cavities in the heac^. The use 
of this system is not known, for some state that it secretes 
mucus with which the body is covered, while others say that 
it is in some way connected with the sense of touch. 

Osteology — I'he endoskeleton in most of the recent 
fishes is 'entirely converted into bone ; in some it is partly 
bony and partly cartilaginous; in others it is wholly car- 
tilaginous ; while in the amphioxus the noto-chord remains 
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persistent throughout the life of the animal. The cartila- 
ginous fishes have a very small amount of earthy matter in 
their skeleton, so that their bones hardly deserve the name ; 
they are extremely elastic and flexible, and, in chemical 
composition, are said to resemble inspissated mucus. The 
bones of osseous fishes are much harder than the preceding, 
but are more flexible than the bones of the other classes of 
Vertebrata ; they have no medullary canals, a small amount 
of spongy tissue, and are never laminated in the arrange- 
ment of their component parts. In most fishes the plasmatic 
canals are free from partial dilatations — garpike (belone) 
and sea-bream (sargus) form exceptions. The vertebral 
column is divided into only two regions — an abdominal and 
a caudal; the vertebral centra are amphicaelous, except in 
the bony pike (lepidosteus), in which they are opisthocslous ; 
the margins of the contiguous vertebral centra are connected 
together by ligaments, and the cavities thus formed are filled 
witli the gelatinous remains of the noto-chord, hence the 
extreme mobility of the entire spinal column. The abdo- 
minal vertebrsB have a neural arch, a neural spine, and two 
transverse processes ; the caudal vertebrae have, in addition 
to the neural arch, a haemal arch and a haemal spine, but no 
transverse processes. . The ribs are imbedded in the muscles 
that surround the abdomen, and are connected to the trans- 
verse processes or bodies of the abdominal vertebrae at a 
single point ; each rib generally gives ofl* a styliform process 
of bone, which proceeds backwards amongst the muscles; 
there is no sternum. There is a series of dagger-like bones, 
called *^ interspinous bones," placed in the mesial line of the 
body between the lateral muscles ; their internal points are 
generally situated between the spinous processes of the ver- 
tebrae, to which they are connected by ligament, while the 
fin-rays are joined to their opposite extremities by a peculiar 
joint, which will presently be described. Usually there is 
only one interspinous bone connected to the spinous process 
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of each vertebra, bat in the flat-fishes (pleuro-nectidie) 
there are two. There are two kinds of fin-rays, yiz., the 
8pin6us rays and soft rays — hence fishes have been divided 
into acanthopterygii, those having spinous rays in their 
dorsal fins (hcca^a, a spine ; and irrcp^toF, a little fin), and 
malacopterygii, in which all the rays are soft (/uaXoKtJy, soft ; 
and frrtp^iou). Every fin-ray is composed of two lateral 
pieces placed side by side; these are firmly utiited in the 
spinous rays, so as to simulate one bone, whereas in the soft 
rays they can be easily separated; each fin-ray articulates 
with its corresponding in^erspinous bone in a very peculiar 
manner, for the two pieces separate, so as to embrace the 
head of each interspinous bone, and end in blunt tubercles, 
which fit into depressions on each side of the interspinous 
bone ; sometimes the interspinous bone is completely pierced, 
and the two pieces of the fin-ray meet, thus resembling the 
mode of union between the two links of a chain. The 
osteology of the skull of fishes is so intricate, and the 
opinions expressed by different authors concerning the 
homologies of the numerous bones forming the skull are 
so conflicting, that it is not my intention to discuss them 
in an elementary treatise such as this, but would refer the 
reader, desirous of information on thb subject, to some of 
our larger standard woiks. The branchial apparatus shall, 
however, be briefly described in its proper place. 

Digestion. — The mouth of fishes is generally furnished 
with a complicated series of teeth, which, in the bony fishes, 
are generally firmly * anchylosed to the bones that support 
them, and are not only developed on the jaw-bones, but 
also on the other bones which surround the buccal cavity. 
Salivary glands are entirely wanting; the sesophagus is 



* The rostral teeth of the saw-flsh are implanted in distinct sockets, as 
well as the teeth of a few others. 
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large and short, terminating in a well-defined stomach. 
The pyloric opening of the stomach is usually guarded by 
a valve; the intestinal canal is a simple tube commencing 
at the pyloric extremity of the stomach, and terminating at 
the anus or ^' vent/* In the cartilaginous fishes the mucous 
membrane forms a spiral valve, winding like a screw from 
the pylorus to the anus, for the purpose of increasing the 
absorbent surface of the gut. The liver is generally large, 
soft, and saturated with oil ; it occupies a large portion of 
the abdominal cavity, insinuating itself between the folds 
of intestine; a gall bladder is usually present. The pan- 
creas in most fishes is, represented by a number of ^^ csscal 
tubes," called the *' pyloric c«ca," or pyloric appendages; 
it is, however, present in the shark, ray, pike, eel, while in 
the sturgeon it exists along with the pyloric caeca, and in 
the lepidosiren both pancreas and pyloric cseca are wanting. 
The kidneys are usually very large, extending the whole 
length of the abdominal cavity ; they are placed close to the 
spine behind the peritoneum, and are composed of minute 
uriniferous tubules, variously contorted, which terminate in 
the ureters ; a species of bladder, opening behind the anus, 
is frequently formed by the ureters. Most fishes possess a 
peculiar organ called Ijhe ^^ swimming bladder,*** which is 
supposed to be homologous to the lungs of the higher verte- 
brata, but not analogous. The swimming bladder is a sac 
containing gas, situated beneath the spine, to which it is 
bound by the peritoneum. The shape of this organ varies 
somewhat in different fishes ; in most it forms an elongated 
sac ; in many it is divided by septa ; while in the lepidosiren 
it is composed of two sacs, divided into a number of cellular 
spaces, and in this fish is both homologous and analogous to 
the lungs of the air-breathing vertebrata. In many fishes 
the swimming bladder forms a closed sac ; in others there is 

* It is absent in the skate, flaVfl^b®<S <uid mackerel 
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a duct leading from it called tbe ^^ ductus pneumaticus," 
which opens into the esophagus (in the herring it -opens 
into the stomach), and is homologous to the trachea of other 
vertehrata. The gas contained in this organ is secreted by 
its lining membrane, and is, in most fresh-water fishes, com- 
posed principally of nitrogen, and in sea fishes, of oxygen. 
The use of the swimming bladder is to alter the specific 
gravity of the fish, and to permit it to rise and sink in the 
water. This is accomplished by the alternate expansion and 
condensation of the contained gas, in consequence of either 
the relaxation and compression exerted by the abdominal 
walls, or of a muscular apparatus provided for the purpose. 

Respiration On each side of a bony fish, immediately 

behind the head, there is a cavity called the branchial 
chamber, containing the branchi» or gills, by means of 
which a fish respires ; the external aperture of this chamber 
is covered by a large flap, called the operculum^ which is 
constantly opening and shutting, to allow the escape of the 
water used in respiration. The bony framework of this 
large flap is formed by a chain of four broad flat bones, 
which have received the following names — prceoperculum, 
operculuMj sub-operculum, and inter^operculvm. In addition 
to the operculum, the branchial chamber is also closed by a 
membrane, called the branchiostegal membrane (fif>iyxui, 
gills; and <rr^, a cover), which is attached to the hyoid 
bone, and supported by a number of slender spines con- 
nected to the sides of the hyoid bone, termed ^^ bran- 
chiostegal rays." The branchise, or gills, are composed of 
delicate leaflets, covered with a vascular mucous membrane, 
and are attached to the outer surface of a series of bones, 
termed the ^^bratichial arches;*' these arches are usually 
four in number, and are connected with the hyoid bone 
below and the base of the skull above ; their internal sur- 
faces are generally studded with a series of processes which 
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prevent the food taken in by the mouth finding its way 
among the branchiie, and thus interfering with the respira- 
tory function. Respiration is accomplished in the following 
maimer : — ^Water continually enters the mouth by a process 
analogous to swallowing, and then passes into the branchial 
chambers through a series of slits called branchial fissures, 
situated on both sides of the pharynx ; the blood circulating 
through the branchial fringes robs of its oxygen the water, 
which finally escapes by the ^^ gill slits " or *^ opercular 
aperture." 

Circulation The heart* of fishes is a branchial or 

respiratory heart only, and consists of two cavities — an 
auricle and a ventricle. It is enclosed in a pericardium, 
and placed beneath the branchial apparatus. The blood 
takes the following course : — All the venous blood, coming 
both from the liver and body generally, is poured into the 
vena cava, which dilates into a large sinus before opening 
into the auricle ; the auricular-caval opening is guarded by 
two membranous valves, which prevent regurgitation during 
the coiftraction of the auricle. The blood now passes into 
the ventricle through the auricular-ventricular opening, 
which is guarded by a strong mitral valve ; from the ven- 
tricle arises a single artery called the branchial (also termed 
the right aortic arch) ; at its commencement this artery is 
dilated into a large sinus called the *' btdbus arteriosus^'*'' 
which is separated from the ventricle by strong valves (in 
the shark tribe there are several rows of semilunar valves) ; 
the blood is propelled from the ventricle into the bulbus 
arteriosus, and thence through the branchial artery to the 
branchias, where it is purified ; the radicles of the branchial 



* The heart is absent in the amphiozns, while that of the lepidosiren has 
three chambers. 

G 
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veins take up the blood now purified, and these veins, coming 
from all the branchial arches, ultimately coalesce to form 
the aorta, which distributes it to all parts of the body. The 
aorta runs beneath the spine in the abdomen, giving off the 
usual visceral branches, but on reaching the caudal vertebrae 
it enters the haemal arch, through which it passes to its ter- 
mination. It is remarkable that, while all the muscles of a 
fish are pale, or even white, the muscular fibres of the heart 
are red. The action of the heart is slow, averaging from 
twenty to thirty beats per minute, and in mtiny fishes its 
irritability continues for a long time aftex death. 

The Nervous System and Senses In fishes the ner- 
vous system presents a remarkable inferiority to that of the 
majority of vertebrate animals. The cavity of the cranium 
is small, and only partially occupied by the brain which 
consists of a collection of nervous ganglia, the first pair 
termed the olfactory lobes, the second pair the cerebral 
hemispheres, the third pair the optic lobes, and, lastly, a 
single ganglion resting on the medulla oblongata, and called 
the cerebellum. In addition to these, there are often^resent 
supplementary ganglia placed behind the cerebellum, sup- 
posed by some to be the anterior ganglia of the spinal cord 
greatly developed. All the cerebral nerves are present, with 
the exception of the ninth. The spinal nerves arise by 
double roots, the posterior roots, as in other vertebrata, 
being dilated into ganglia soon after their origin. The 
sympathetic system occupies the usual position, and com- 
municates with the spinal nerves, but is small in comparison 
with that of other vertebrata. The olfactory nerves arising 
from the olfactory lobes vary in size and form in different 
fishes, nevertheless their destination is the same, viz., the 
olfactory chambers, which consist of two excavations situated 
near the tip of the snout, lined with a thin, plicated, pituitary 
membrane, behind which the nerve swells into a ganglion, 
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from which numerous filaments proceed to be distributed 
on the surface of this membrane. Into the cavity of the 
nose, which is usually diidded by a septum into two cham- 
bers, the water passes freely, generally by a double aperture, 
sometimes by a single one ; these nasal chambers form closed 
sacs, and never communicate with the pharynx, except in 
the lepidosiren and myxine, or hag-fish. The optic nerves 
arise from the optic lobes, and are composed of broad bands 
of nervous substance, folded up like a fan, and enclosed in 
a dense membrane ; they decussate completely, forming no 
commissure, and finally terminate in the retina. The eye of 
a fish possesses tunics and dioptric media the same as in 
man, but modified to suit the difiFerent condition under which 
its possessor is placed — ^thus, the eye-ball is flattened from 
before backwards, and this shape is miuntained by two car- 
tilaginous plates imbedded in the sclerotic, while in some of 
the large fishes the sclerotic is converted into a cup of bone ; 
the crystalline lens is spherical, and extremely dense, for the 
purpose of increasing the refraction of the rays of light, and 
is approximated to the retina at the expense of the vitreous 
humour. In many fishes the vitreous humour and lens are 
kept in position by a ligament called the falciform mem- 
brane, which passes from the retina through the vitreous 
humour, to be attached to the capsule of the lens. Behind 
the choroid coat there is placed an erectile organ called the 
*^ choroid gland," which is supposed to be of some use in 
arranging the focal distance of the lens. The pupil is large, 
but in the ray it is covered with a curtain, while in the 
anableps it is divided into two by a vertical septum forming 
a kind of natural stereoscope. The eye-ball is moved by 
six muscles, which have the same origin, distribution, and 
nervous supply as in man, except that the superior oblique 
does not pass through a pulley. The lachrymal glands and 
the eyelids are always wanting. The organ of hearing in 
fishes is very simple, and consists only of three semi-circular 
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canals and a membranous ¥e8tibale« containing a glairy fluid 
and certain bodies of a stony hardness called otoliths (in 
cartilaginous fishes the otoliths, or ear stones, are soft). 
The external ear, membrana tjmpani, tympanic cavity, 
ossicles, Eustachian tube, and cociilea, are entirely wanting. 
The sense of taste is belieyed to be extremely imperfect, if 
at all present, while that of touch is located chiefly in the 
soft parts surrounding the mouth. 

The reproductive oi^ans of osseous fishes present some 
remarkable points of interest The ovary of the female, 
commonly called the roe, consists of a membranous bag, 
which at the spawning season becomes distended with ova, 
and occupies a considerable portion of the abdominal cavity. 
The ova, when mature, escape into the interior of the ovary, 
and are expelled through the oviduct, which opens either 
into the termination of the intestine, or by a distinct aper- 
'ture situated behind the anus, and in front of the urinary 
canal. The testicle of the male, commonly called the 
'^ milt,*^ or soft roe, consists of a multitude of seminiferous 
tubules, variously arranged in different fishes, but all ter- 
minating in a common duct. At the spawning season this 
organ becomes distended with a creamy fluid which is ex- 
pelled into the water, and there vivifies the ova — ^thus, as a 
rule, the ova of osseous fishes are fecundated externally, but 
in a few, as, for example, the viviparous blenny, impregna- 
tion takes pla^ internally. In the cartilaginous fishes, as 
well as in all other vertebrata, the ova burst through the 
capsule of the Qvary, and enter the fallopian tubes, whence 
they are either directly expelled, or are retained and hatched 
internally. In sharks, rays, and dog-fishes, the ovum is 
protected by a homy case, which is secreted in the central 
portion of the oviduct ; this case has four tendril-Uke cords 
attached to either comer, by means of which it is entangled 
in the sea- weed, and one of its extremities is open for the 
escape of the young animal These cases are well known to 
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visitors at the sea-side by the name of " mermaid*s purses." 
The males of these fishes are furnished with two prehensile 
organs termed ^^ daspers," by means of which they hold the 
females during copulation. 
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CHAPTER Vin. 

Pisces : Orders. 

Naturalists have always experienced great difficulties in 
the classification of fishes, hence the variety of those pro- 
posed, and the confusion which has, in consequence, arisen. 
Subjoined are those now principally employed : — 

1. Dipnoi (ilxvooi, double breathing). 

2. Elaamobranchii (IXcur^io, a thin plate ; and OpJeyxMy)- 

3. Ganoidei (yoi^s, lustre ; and cTSos). 

4. Teleoetei (r^Xcov, perfect ; and 6<rr4oy, a bone). 

5. Mardpo-branchii {fidpffivos, a pouch ; and ^pdyx^")* 

6. Pharyngobranchii {^ofivy^, the throfbt ; and fipdyx^oy). 

(Huxley,) 

1. Selachia (tr^Xas, brightness). 

2. Ganoidei. 
8. TeleosteL 

4. Gydoetomata (jc^irXof, a circle ; and irr6fia, mouth). 

5. Leptocardia {k4iw, I strip off ; and Kopbla, the heart). 

(MiUUr.) 

1. Chondropterygii (xMpos, cartilage ; and nr^ff&yioy). 

2. Malacopteiygii (fuiXaie^y, soft ; and wr^p^uty). 

8. Acanthopterygii {iKoyOa, a apine ; and vr^pijioy). 

(Ouvier,) 

1. Plaooidei 

2. Ganoidei 
8. Gtenoidei 
4. GydoideL 

{Agattiz,) 
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It is intended, in the following' pages, to adopt the classi- 
fication proposed by Professor Huxley. 

I. Dipnoi. — ^This order is believed to form the connecting 
link between the fishes and amphibians, and only includes 
that remarkable fish called the mud-fish or lepidosiren. 
For a long time this animal was placed among the amphi- 
bians, but is now, by almost universal consent, ranked with 
the fishes. The mud-fishes inhabit the marshy districts of 
Brazil and the east coast of Africa. During the rainy 
season they live as fishes in the swollen rivers, but when the 
dry season approaches they burrow into the mud, which is 
soon hardened by the sun — an aperture is, however, left for 
the admission of air. In consequence of this peculiarity in 
their mode of life, they possess some of the characteristics 
common to both fishes and amphibians. The body is shaped 
Hke that of a fish, and is covered with small, homy, cycloid 
scales ; both the pectoral and ventral fins are present, but 
they have the appearance of awl-shaped filaments ; the 
posterior part of the body, both above and below, has a 
median fin. This order of animals, as the name imports, 
breathes both by gills and lungs. The gills are situated in 
a branchial chamber, which opens externally by a vertical 
slit; the lungs are in the form of a double cellular air- 
bladder, which communicates with the aesophagus by means 
of the ductus pneumaticus. In the young there are external 
gills, which soon disappear. The nasal sacs open posteriorly 
into the pharynx; this also occurs in the myxines; in all 
other fishes they end in cul de sacs behind. The heart con- 
sists of two auricles and a single ventricle. The skull is 
composed of separate bones, and the noto-chord is persistent. 
There are only two species known, viz. : — 

a, Lepidosiren paradoxa, from the Amazon. 

b. Lepidosiren annectens^ from the Gambia. 
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II. Elasmobrakchii, also called selacliia (Muller), pla- 
coidei (Agassiz), include all the sharks, dog-fishes, rays, and 
chimserfts. The members of this order possess the following 
characters: — The endoskeleton, as a rule, is cartilaginous, 
(in the plagiostomi the vertebral centra are usually more 
or less ossified) ; the skull forms a cartils^nous bpx. The 
heart consists of an auricle and ventricle, and the bulbus 
arteriosus, which has several rows of transverse valves, is 
provided with a distinct layer of muscular fibres, and con- 
tracts rhythmically. The branchiae are fixed and pouch- 
like, have no operculum or branchiostegal rays, and generally 
open externally by five vertical ^lits (in the holocephali, 
however, there is a single gill slit, and the operculum and 
branchiostegal rays are rudimentary). The intestine is short, 
and has a fold of mucous membrane passing in a spiral 
manner from the pyloric extremity of the stomach to the 
anus. The integument has, irregularly scattered through it, 
detached grains or tubercles of bony matter. Both the 
pectoral and venlral fins are present, the latter being placed 
near the anus. The teeth in this order are very variable in 
their form, but there is a striking peculiarity in those of the 
sharks ; in these there are several rows of teeth placed one 
behind the other, the front row composed of triangular 
cutting teeth, and when these are worn out, the succeeding 
row take their place, and so on. This order is sub -divided 
into — 

(A.) Holocephali (5ai7, whole ; and ice^>ox4 head) The 

only existing representatives of this sub-order are the chi- 
mseridae; they are known by the following characters: — 
The chorda dorsalis is persistent, but the transverse processes 
and neural arches are cartilaginous; the gills open by a 
single aperture externally, and the mouth is placed at the 
extremity of the head. They include — 

a. Chimaera monstrosa, or King of the Herrings. 

b, Callorhyncus australis, or Southern Chimaera. 
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(B.) PlagiosUmi (vxAytw, transrene ; and rr^/to, month), 
ooDtaining the well-known shark and ray. In this sub- 
order the Tertebral column is more or less ossified ; the 
mouth is placed on the under surface of the head, and is 
transverse; the branchis open externally by five vertical 
gill slits ; two tubes pass from the pharynx, and open on the 
upper part of the head by two openings named ^^ spiracles.'* 
They are divided into — 

a. Cestraphori (jc^ffrpo, a pointed weapon; and ^/m«, I 

bear) — e.^., Port Jackson Shark. 
iS. Selacha — e.g.^ Sharks and Dog-fishes. 

y. Batides — e.^., Rays. 

ni. Ganoidei ^These were very numerous in former 

geological periods, but are now represented by only a few 
existing forms. They are all covered with ganoid * scales, 
plates, or spines, which are composed of a superficial layer 
of ganoine, a substance somewhat similar to enamel, resting 
on a layer of bone. The endoskeleton is generally cartila- 
ginous, but sometimes more or less ossified, and in the bony 
pike (lepidosteus) the vertebrae are more completely ossified 
than in any other existing fish, while the vertebral centra 
are opisthocselous. The bulbus arteriosus contracts rhyth- 
micaUy, and has several transverse rows of valves ; the 
intestine frequently has a spiral valve. The caudal fin is 
usually '^ hetero-cercal ; ^ the gills are free, and covered by 
an operculum. The swimming bladder is always present, 
often divided by septa into several cells, and opens into the 
gullet by the ductus pneumaticus. Both pectoral and ven- 
tral fins are usually present, the latter placed far back. 
This order is sub-divided by Professor Owen into — 



* The plecto-gnathi and lopho-branchii among the teleostei also have 
g&noid acales and plates. 
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a. Lepido-ganoidei (\9wts, a scale; y^os and cTtos)— 
e.g,^ Bony Pike (lepidosteus) and Pol3rpteni8. 

h, Plaoo-ganoidei (irxi((, a flat surface ; ydyos and ftios), 
e.g,^ Sturgeon. 

IV. Telbostei This order comprises the majority of 

existing fishes, and is characterized by the possession of a 
more perfectly ossified endoskeleton than the other orders 
(bony pike excepted). A teleostian fish having been already 
taken as the type in the general description of the class 
pisces, it is not necessary to recapitulate the leading charac- 
ters of this order ; its sub-divisions 



(A,) MaheopUri 
(/toXoK^y, soft ; and 
irrtp6yf a fin), or 
physostomata {^wrdof 
I puff ; and ffrSyua, 
the mouth), having^ 
soft rays,* swim blad- 
der,- ductus pneuma- 
ticus, and generally 
cycloid scales. 



1. Apoda — ^no 
ventral fins, 



■1 



MursBnidse — ^Eels. 
GymnotidsB — ^Electric 

Eels. 

Symbranchidas — ^Fresh 
water tropical fishes. 



2. Abdominalia. 



/ 



(B,) AncLcaaUhini 
(h, not ; and lkKaa>9a, 
a spine), having soft 
rays, ventral fins, 
either absent, or, if 
present, placed be- 
neath the throat ; no 
ductus pneumaticus ; 
swim bladder some- 
timefi absent. 



1. Apoda. 



'' EsoddaB — Pikes. 

Glupeidse — Herrings. 

Cyprinidse — Carps. 

Salmonidse — Salmon, 

Trout 
^ Siluridae — Sheat-fishes. 

' AmmodytidsB {AintaSy 
sand ; Sw, I sink in ; 
and c78os, form). Sand 
Eels. 
OphididsB (6^is, a snake, 
and cTSof ), Snake-like 
Eels (McKliterranean) 



fGadidse — Cod, Had- 
dock, Ling, Whitisg, 

&C. 

2. Subrachiata. -{ Pleuronectid8e(irAcvp^y, 

the side ; i^x*> ^ 
swim ; and ^ios\ 
Sole, Plaice, Turbot 

* The first rayi in the dorasl and pectoral fins are sometimes spinj. 
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{CycloUfaridflB — ^WraMes. 
PerddflD — ^Perches. 
Mugilids — Mullets. 
GobiidsB — Gobiefl. 
SoomberidsB — ^Mackerels. 
Sclerogenidje — Gumarda 
Blexmiidse — ^BlennieB. 
Lophiidse — ^Angleira. 

/ n » D?.^ *i' / ^1 T ( BalisticUB— File-fiflhes. 

{D.) PUf^ognaOu (wKiKf», I (j odontid* (Tv/iF^f, naked ; 
weave ; and yvABos, the jaw), ^^^ ^ toothT "id ^Viot)- 
maxillary and pneimmUary Gioii-fiflhea. 
b^es immovably muted, ga- Ortracionid« (Arrpoira.., a sheU ; 
noid BcaleB and plates. [ ^^ «!Jo,>-Trunk.firiie8. 

(E.) Lophobramhii {iJipos, i Hippocampid»— Sea-horses, 
a toft ; and fipdyxtov), have < 
tufted gills and ganoid scales. ( Syngnathids— Pipe-fishes. 



y. Marsipobbanchu (Cyclostomata) ^The members of 

this order possess an elongated, cylindrical body. The sym- 
metrical fins are alwa3r8 absent ; the chorda-dorsalis remains 
persistent ; the skull is cartilaginous, and there is no lower 
jaw. The heart consists of an auricle and ventricle only, 
there being no bulbus arteriosus. The gills are in the form 
of small pouches, opening externally by a series of apertures, 
and communicating internally with the pharynx. They are 
divided into — 

a. Hag-fishes (myxinidse), have a sucker-like mouth, fur- 
nished with tentacles, and a single serrated fang attached to 
the palate, by means of which they penetrate the bodies of 
other fi^es, amongst which they are found. The nasal sacs 
communicate with the pharynx. 

5. Lampreys (petromyzonidse) (irSrpos, a stone; fAv^du, I 
sack ; and cTSos), have a sucker-like mouth, but no tentacles. 
The gills open externally by seven apertures, and lead inter- 
nally into a common tube, which, in turn, opens into the 



100 Vertehrata. 

pharynx ; in consequence of this arrangement respiration 
goes on, though the lamprey may be fastened by its mouth 
to a stone. 

YI. PHARTifooBBA.NCHii. — ^This Order only contains a 
single fish called the amphioxus lanoeolatus, which is the 
lowest member of the vertebral sub-kingdom. In this 
animal the skull, lower jaw, symmetrical fins, and heart, ai« 
entirely wanting. The chorda-dorsalis is persistent ; the 
mouth b in the form of a longitudinal slit, surrounded with 
cirri, and leads into a ciliated pharynx, which performs the 
functions of a respiratory organ. The water that enters the 
mouth passes through this branchial chamber, and then goes 
through a number of slits on either side into the cavity of 
the body, and finally escapes by the abdominal pore, which 
is situated in front of the anus. 



End of the Vertehrata, 



IMVKRTKBRATA. 



CHAPTER IX. 

InVERTEBRATA SuB-KllTGBOM MoLLU8C4. 

We shall now briefly describe the succeeding sub-kingdoms 
included by Lamark in one great divi^on, which he desig- 
nated Invertebrata ; and although they difiPer widely from 
each other in various particulars, they are all distinguished 
from the Vertebrata by the following characters: — (1.^ 
The entire absence of a vertebral column, lacteal and lym- 
phatic systems, as well as portal venous system. (2.) There 
is no endoskeleton ; when a skeleton is present it is always 
external, and is called the exo-skeleton ; in the cephalo- 
poda, however, the most highly organized of the mollusca, 
there is an attempt at a rudimentary endo-skeleton in the 
form of the " cuttle bone " or " pen." (3.) There is only 
one nervouis system, which is supposed to be similar to the 
sympathetic system of the Vertebrata. (4.) The limbs, 
when present, are always, directed towards the neural side 
of the body. (5.) The different organs, so easily demon- 
strated in the Vertebrata, become variously modified, and 
gradually disappear, until we arrive at the lowest of the 
Protozoa, where we find a living animal composed of a single 
cell, without any organ whatever, and not even possessing 
an oral or anal aperture. The following are the sub- 
kingdoms now most generally recognised : — 

Mollusca (mollis^ soft). Annulosa (annulus^ a ring). 

MoUuscoida (mollusca ; Anuloida (anntdus and «78os). 

and cTSos, form). 

Cselenterata (Koi\a, hollow ; and ivT^pokf intestines). 

Protozoa (irpwTY}, first ; and M, life). 
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It will be seen that we do not arrive at the protozoa by a 
direct line, but by two distinct routes. In the ensuing 
pages it will be more convenient to describe the molluscoida 
as a division of the mollusca, not as a distinct sub-kingdom. 

MoLLUSCA. are soft-bodied animals, having a soft and 
moist skin, termed the mantle, which usually secretes a cal- 
careous covering or shell, hence they are popularly called 
'^shell-fish" (in the naked mollusca the shell is absent). 
The shell is composed of carbonate of lime, and all recent 
shells are covered with a layer of animal matter, termed the 
*^ epidermis ** or *^ periostracum.*' The shells of moUuscs 
are either univalve, bivalve, or multivalve; they are non- 
vascular, and grow by the addition of layers to their cir- 
cumference ; if too small, they may be cast off and repro- 
duced ; when broken, the fractured extremities cannot unite 
by any material produced by the shell itself, but are 
cemented together b^^ newly-formed shell substance secreted 
by the mantle. As regards their conformation, three prin- 
cipal varieties of shell are enumerated, viz., the ^^ nacreous" 
(nacre, • pearl) or " pearly shell," the " porcellaneous" 
(porcelaine, china), and the ^^ fibrous." The digestive 
apparatus consists of a mouth, gullet, stomach, intestine, 
and anus ; in a few of the lower forms the intestine ends in 
a caecal extremity. 

The respiratory function is performed by branchise in the 
aquatic forms — by air sacs in the terrestrial. The heart, in 
the higher mollusca, is systemic, and consists of an auricle 
and ventricle; the blood is colourless, or has a greenish 
tinge, and is contained in vessels. 

The nervous system, in the mollusca proper, consists of 
three principal ganglia, called the ^^ cerebral,** ^^ pedal,** and 
'•'' parieto-splanchmc,** connected together by commissures, 
hence they have been called *^ hetero-gangliata " (iET€p6p, odd ; 
and y6yy\iov) (Owen) ; the names given to these ganglia 
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indicate their position and the parts they supply ; the gullet 
is, moreoyer, surrounded by a nervous coUar. In the lower 
moUusoa there is only a single ganglion, giving ofiP fila- 
ments in various directions. Organs of smell, sight, and 
hearing, are believed to exist in all the mollusca proper. 

Reproduction is almost always sexual, the sexes being 
usually distinct, but sometimes united in the same individual. 
The colonies, however, of the polyzoa and tunicata are pro- 
duced by a process of continuous gemmation. The mollusca 
are sub-divided into the mollusca proper and the moUus- 
coida. Some naturalists have, however, raised the mollus- 
coida to the rank of a Histinct sub-kingdom. The mollusca 
proper are sub-divided as follows : — 

1. Odontaphor»(«.^, .tooth; ( ^^'^S'^'"^*'^"'" 
!^'* t°A'^^^:^JT^t G«t«opoda (7-^p. the sto- 



ala (^ic^aXos, brain), or 
cephalophora (ic«4>aX^, a 
.h&BA ; and ^p6s). 



mach ; and wo^s). 
Pteropoda {wrdpov, a wing ; 
and wo6s). 



2. Acephala (&, not ; and { Lamelli-branchiata {lamella!, 
K€<l>a\ffi), or headless. { leaves ; and hrtmchice, gills). 

I. Cephalopoda All the members of this order are 

marine, carnivorous, and possess great power of locomotion. 
They have eight or more arms surrounding the mouth. 
The body is enveloped in a muscular mantle sac, or gill sac, 
within which are two or more gills ; the anterior orifice of 
this sac is tenned the ^'^funnel^'^ or infundibulum^ through 
which the effete water of respiration is expelled, as well as 
the residue of the food, for the anus opens at the base of the 
funnel. The body is symmetrical, and divided into an ante- 
rior or cephalic portion, and a posterior or trunk containing 
the viscera. The head is provided with a pair of large eyes, 
while the mouth is surrounded by eight or more arms, which 
are usually furnished with rows of suckers or ^* acetabula ; ** 
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these arms are supposed to be formed by a splitting up of 
the margins of the foot Locomotion is accomplished by 
the cephalopod either walking at the bottom of the sea with 
the head downwards,- or expelling water from the mantle 
sac, by means of which the animal is propelled in the oppo- 
site direction, or by swimming with the lateral expansions 
of the mantle (these expansions are not, however, always 
present). The majority of existing cephalopods possess no 
shell. The mouth leads into a cavity containing two strong 
homy jaws, working vertically like the beak of a parrot, and 
an odontophore, or lingual ribbon, covered with recurved 
spines. Many possess a peculiar gland called the " ink-bag,^' 
that secretes a dark fluid, which the animal, when pursued 
or inghtened, discharges into the water, thus wholly con- 
cealing itself from view ; the duct of this gland opens at the 
base of the funnel. The supra- eesophageal ganglia are pro- 
tected by cartilage supposed to be a rudimentary cranium, 
while the "ciittfe bone** or ^^pen** is believed to be the first 
appearance of an endo-skeleton. The cephalopoda are sub- 
divided into — 

iOctopoda (6icT^, \ Paper Nautilus (argonaata), 
eio^ht ; and > has an external ahelL 
iroos, the foot). ) Octopus (ponlpe).* 



1 Pearly Nautilus (pompiliiis), 
has an external shell 
Ammonites > 
Orthoceras ) 



Extinct. 



11. Gasteropoda ^In this class the shell is generally 

univalve, never bivalve, sometimes multivalve, while in 

* My friend Staff-Sargeon Boilesu has informed me that, on three differ- 
ent occaaiona, ofBoers of the 29th Begiment, when stationed in Malta, were 
followed hy ponlpes. 
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many it is either absent, or so small as to escape observa- 
tion. The spiral univalve shell most frequently occurs in 
this class, and consists of a number of coik or whorls gene- 
rally surrounding a central axis ; the last coil of the shell is 
called the mouth or body whorl ; if it be entire,, the animal 
has lived on vegetable food; if notched, on animal food. 
The foot is greatly developed, and often has a horny or 
shelly " opercuZtim," which is for the purpose of closing up 
the month of the shell when the animal retires within. The 
head is usually distinct, and has two feelers and two eyes 
often situated upon stalks. The mouth possesses an ^* odon- 
tophore" or ^Mingual ribbon,** and sometimes homy jaws 
as well. The mouth conducts by the gullet into a stomach, 
which, in some, is provided with calcareous plates for tri- 
turating the food. The sub-divisions of this order are — 

1. PuUuo-gasteropoda or Pulmonifera \ 

(pulmones, lungs ; and fero, I bear), f e.g,f Land Snail (Helix), 
having pulmonary chambers or lungs ( Slug and Pond Snail, 
formed by an inflexion of the mantle. ) 

2. Branchio-gasteropoda or Branchiferse ) e.g., Limpet, Sea-lemon, 

ifipdyxM, gills ; and 4*^p», I bear), > Heteropoda, Peri- 
haying branchiae or gills. ) winkle, Whelk, &c. 

III. Ptebopoda are extremely small marine molluscs, 
and constitute the principal food of the whale ; they subsist 
near the surface of the sea, at a distance from land, and 
occur in great numbers. They have two wing-like appen- 
dages attached to the sides of the head, which are believed 
to be formed by a modification of a portion of the foot. 
They generally have a thin glassy shell ; in some, however, 
there is no shell. 

Labiblli-bbancbiata ^These have been sometimes de- 
nominated acephalous, or headless molluscs, also conchifene, 
or bivalve shell-fish. The two valves of the shell are always 
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*" right " and ^^ left,** usually equivalve (though the oyster 
forms an exception) and inequilateral. The apex of the valve 
is called the " um6o," or " beak,** and is directed towards 
the mouth of the animal. The shell is shut by one, or more 
commonly two adductor muscles, which leave distinct marks 
in the shell of the animal when dead, and is opened by the 
hinge ligament when the muscles relax ; all these animals 
are aquatic, and breathe by leaf-like gills, which, in the 
oyster, are commonly known as the ^^ beaxd.** The sexes are 
usually distiiict. In some — as, for example, the mussel — a 
viscous fluid, termed ^* byssus," is secreted by a special gland, 
by means of which they can fasten on any solid substance. 
This class includes the familiar oysters, scallops, cockles, 
mussels, &c. 

MoiXUSCOIDA. 

All the members included in this division are aquatic. 
The nervous system consists either of a single ganglion or a 
pair, with accessary ganglia situated near the mouth. There 
is sometimes only one opening, which is used both for an 
oral and anal aperture; when both are present, they are 
situated close to each other. The sub-divisions are — 

1. Brachiopoda. 

2. Tunicata. 

3. Polyzoa. 

I. Brachiopoda {fipaxuov, the arm ; and iro^s, the foot) 

These are all marine molluscs, and live at great depths in 
the sea; they are protected by a bivalve shell, which is 
"dorsal," and "ventral," and " inequivalve ; " they were 
formerly called " lamp-ehells^''^ in consequence of a muscular 
stalk passing through a hole in the apex of the ventral valve, 
by means of which the shell is fastened to a rock ; this stalk 
was supposed to resemble the wick of a lamp; sometimes, 
however, the stalk passes between the valves of the shell. 
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There are two long ciliated arms attached to the sides of the 
month, which procure food for the animal, and act as respi- 
ratory organs — Whence their name, brachiopoda. 

II. T0NICATA. (tuniccL, a coat) These moUuscs are often 

called ascidioida (hricl^tor, a little bottle; and eZSos, form), 
and are commonly known as sea-squirts. They are small 
marine animals, very like a double-necked leather bottle, 
and are often collected together in colonies. The external 
investment of their body is called the *' test,"" and contains a 
substance almost identical with the vegetable product called 
^^ cellulose ; ** inside the ^*test'* there is a muscular coat 
which confers on the animal the power of squirting out the 
water. The oral aperture is usually surrounded widi a circle 
of ciliated tentacles, and leads into a chamber called the 
"pharynx," or "respiratory sac," which occupies the 
greatest part of the body ; the sides of this chamber are 
perforated by numerous ciliated apertid^ and communicate 
with a second chamber, termed the "atrium" or "cloaca," 
which opens externally by the "atrial" aperture. From 
the pharynx, or " respiratory sac," there comes off a gullet 
which opens into a stomach ; this, in turn, leads to the intes- 
tine, which terminates in the atrial chamber. Thus the 
atrial chamber receives both the effete w&ter of respiration, 
and also the contents of the intestine. The tunicata possess 
a heart of simple construction, as it consists of a muscular 
tube open at both ends ; its action, however, is very peculiar, 
for it propels the blood alternately in opposite directions. 
All these animals are stationary, and possess one nervous 
ganglion between the oral and anal apertures. 

m. PoLTzoA (iroXA^ many; and (^^ animals) The 

members of this class are popularly known as " sea-mats " 
or " sea-mosses ; " they are sometimes called bryozoa (fip(fO¥, 
sea-weed; and Cv^i &ncl are known to geologists by the 
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name of ^^lace corals^ They form compound colonies, 
produced by gemmation from a single individual or zooid ; 
they are termed '^ polypides/* and are protected by a homy 
integument. The body of each individual zooid is covered 
by an " ectocyst" and "endocyst," which are perforated by 
two openings, an oral and anal. The oral aperture is sur- 
rounded by ciliated tentacles, which perform the office of a 
respiratory organ, as well as induce a current in the water 
for the purpose of conveying particles of food to the mouth. 
The mouth and tentacles can be withdrawn into the interior 
of the animal by a special muscle attached to the gullet. 
The mouth leads into a gullet which, in turn, opens into the 
stomach, from which proceeds an intestine that terminates 
by the anal opening near the mouth. There is a single 
nervous ganglion situated between the mouth and anus. A 
sea-mat, which is often mistaken by sea-side visitors for a 
piece of sea-weed, is in reality the skeleton of a colony of 
these animals, for each little chamber or cell that it contains 
was originally occupied by a single zooid. The skeleton is 
sometimes covered with little organs called '^ birds* head 
processes,** which are continually snapping together, but 
*their use is unknown. There is no distinct heart. They are 
all hermaphrodite, and multiply by ova or by gemmation. 
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CHAPTER X. 

Annulosa. 

Ths members of this sub-kingdom have receiyed the name 
Annulosa in consequence of their annulated or ringed 
appearance ; they have also been called HomogangUata 
{^fiov, together ; and ydyyXia, ganglia — Owen), and Articu- 
lata (articulattui^ jointed — Cuvier). The body is composed 
of a series of segments, (mnites)^ arranged in a longitudinal 
manner. The limbs, when present, are turned towards the 
neural aspect of the body. The alimentary canal is distinct, 
and does not communicate with the general body cavity. 
Respiration is performed either by the general surfkce of the 
body, or by "tracheae," "pulmonary sacs," or "branchiss" 
Circulation is effected either by a systemic heart, consisting 
of one ventricle, or a single segmented dorsal vessel, or a 
pseudo-hsemal system; or the blood circulating system may 
be absent. The nervous system is situated on the ventral 
aspect of the body, and consists, in its typical form, of a 
pair of symmetrical ganglia in each segment (anterior 
cephalic segment excepted), which are connected by two 
nervous cords that extend along the whole length of the 
animal The most anterior ganglion is single, and called 
the supra-sesophageal or cerebral. The sense of sight ex- 
hibits some extremely interesting gradations, and the fol- 
lowing different kinds of eye are met with: — (I.) The eye 
spot. — In the lowest members of this sub-kingdom, the 
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annelida (aneUus^ a little ring; and cTSos, form), we find 
the organ of vision existing in its simplest form, and termed 
an '^ocellus,** or ^^eye spot.** This ocellus is formed by 
a single optic nerve passing from the supra-sesophageal 
ganglion, and expanding into a retina behind a delicate 
transparent integument that serves the purpose of a cdrnea ; 
situated immediately posterior to the retina there is a single 
pigmentary or choroid coat — such is the structure of an 
ocellus wherever met with in the animal kingdom. (2.) The 
simple eye. — ^This form of eye, found in the insecta, Crus- 
tacea, and arachnida, consists of an external coat formed 
by the choroid, which, bending down in front, constitutes an 
iris with a central opening or pupil ; inside this there is a 
retina, vitreous humour, and globular lens, in close contact 
with a minute, smooth, convex cornea. (3 ) The con- 
glomerate eye. — It is composed of a number of simple eyes 
massed together, and is found in the myriapoda {fivpioij 

innumerable ; and w6lits, feet). (4.) The compound eye 

Its structure is extremely intricate, and conflicting accounts 
of it have been given by different accurate observers. The 
following is the most generally received opinion concerning 
its formation : — The optic nerve, immediately after its origin 
from the supra- sesophageal ganglion, swells into a secondary 
ganglion ; from this secondary ganglion arise a great number 
of short nerves, which terminate by forming a nervous ex- 
pansion called the ^^ general retina,'*^ situated behind a pig- 
mental layer called the common choroid; a multitude of 
minute filaments arising from the general retina pierce the 
common choroid, and terminate in a number of separate 
corneal facettes, each filament ending in a single cornea; 
the corneal facettes are described as hexagonal lenses united 
together. This form of eye is found among the insecta and 
Crustacea, and it is stated that the common house-fly pos- 
sesses about 4,000 of those distinct corneal facettes in each 
compound eye. 
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The other senses, thongh present, become more rudimen- 
tary and imperfect as we descend through the different 
members of this sub -kingdom. The remaining peculiarities, 
especially those of reproduction, will be mentioned in describ- 
ing the different classes. The Annulosa are divided into — 

I. Arthropoda (ApSpov, a joint ; and «'o^f, the foot), 
n. Anarthropoda (Jiytv, without ; (ip9po¥ and wo6s), 

I. Arthropoda ^The members of this division are more 

eorrectly denominated articulate animals, because they have 
jointed appendages articulated to the body. The covering 
of the body is either a ^^ chitinous** integument or calcareous 
shell, from the inner surface of which the muscles arise. In 
the embryo the nervous system always presents the true 
homogangliate type, although in the adult it may be vari* 
ously modified. Ciliee are never present. The Arthropoda 
are sub-divided into — 

1. Insecta. 3. Crustacea. 

2. Arachnida. 4. Myriapoda. 

1. Insecta (inseco^ I cut into) — This class is extremely 
numerous, and is said to contain more species than all the 
rest of the animal kingdom, no less than 150,000 having 
been already described. Insects can easily be recognised 
by the following characters: — The body is covered by an 
integumentary envelope, more or less hardened with ^^ chi- 
tine,** and is divided into three distinct parts, viz., the head, 
thorax, and abdomen. The head, formed of several smaller 
segments amalgamated together, supports a pair of eyes, 
usually compound, a pair of antennse (feelers), of mandibles, 
and maxillae. The thorax, composed of three segments, 
prothorax^ mesothorax, metathorax, carries two or four wings 
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(the wings are often absent, sometimefi dedduous), and three 
pairs of legs. The wings are composed of a double mem- 
branous expansion of the integument, supported by ^^ ner- 
vures" (nei-vm, a sinew), and are attached to the dorsal 
surface of the meso-thorax and meta-thorax. The legs are 
always six in number, a pair being connected to each seg- 
ment of the thorax. Each leg is composed of a series of 
pieces named in order, coxa, trochanter, femur, tibia, and 
tarsus ; the tarsus contains two to six, generally five joints, 
terminated by claws. The abdomen, composed of nine seg- 
ments amalgamated together, contains the viscera and organs 
of reproduction — ^never carries legs, and sometimes has pecu- 
liar appendages, such as the forceps of the earwig, the stings 
of bees and wasps, the ovipositors of the ichneumon. The 
muscles are striped, and arranged in small bundles or fasci- 
culi without sarcolemna; they are extremdy numerous, 
Lyonnet having described nearly 1,800 in the larva of the 
goat moth. 

The digestive apparatus consists of (I) mouth, (2) pharynx, 
(3) sesophagus, (4) crop (in masticatory insects), (5) pro- 
ventriculus or gizzard, (6) ventriculus or stomach, (7) intes- 
tine, (8) cloaca. There are two distinct types of mouth 
found in insects, viz., the masticatory, and suctorial or 
haustellate ; these are sometimes modified, and occasionally 
combined. The masticatory mouth (e,g.^ beetles) consists 
of (1) labrum or upper lip, (2) a pair of mandibles or biting 
jaws, (3) a pair of maxillse or chewing jaws, with one or 
more pairs of maxillary palpi, (4) a labrum or lower lip, 
with labial palpi. In the suctorial mouth (butterflies) the 
labrum and mandibles are rudimentary; the maxillae are 
elongated, and form a spiral tube (proboscis), while the 
labial palpi form two hairy cushions, between which the 
proboscis is received when not in use. The gizzard is mus- 
cular, and often has ridges on its internal surface, furnished 
with plates of ^^ cbitine ** for crushing the food. 
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The glands present are (1) salivary, (2) malpighian, or 
biliaiy tubes, (3) uriniferous tubes opening into the doaca. 
Respiration is effected by ^* tracheas,** or air tubes, that open 
externally by apertures called ^^ spiracles," and as they pass 
inwards through the tissues, they branch and anastomose ; 
inside these tubes there is a filament of ^^ chitine,** coiled in a 
spiral manner. Many insects undergo an interesting meta- 
morphose before arriving at maturity. Take, for an 
example, the common butterfly; on leaving the egg the 
insect is termed a larva, but is better known by the name of 
caterpillar. This caterpillar has an elongated, worm-like 
body, with numerous legs; it eats ravenously, increases 
rapidly in size, and frequently changes its skin; after 
changing its skin for the last time the animal wraps itself up 
in a case called the cocoon^ and becomes perfectly quiescent 
and torpid; it is now called a chryscUis, nympha, or pupa; in 
this state it remains for some time, often for many months, 
and then bursts through its covering, and becomes the imago, 
or perfect insect, that alone has the power of propagating 
the species; having accomplished this duty it dies. A 
peculiar method of reproduction has been particularly 
described by Professor Owen under the name of Partheno- 
genesis (vapdfpos, a virgin; and yhfwis, production), or the 
power of propagation, ^^ sine concubitu ;" it is well exempli- 
fied in the aphides, or plant lice, sic. : — In the autumn only 
do perfect male and female insects make their appearance ; 
at this time the female becomes impregnated, and produces 
true ova, which, lying dormant throughout the winter, are 
hatched in spring, and become developed into female 
aphides, which in turn produce other females, without any 
coitus, to the ninth, tenth, or perhaps eleventh generation ; 
when the final generation again appears in autumn perfect 
males and females once more make their appearance, and so 
on. A variety of this form of propagation occurs in the bee. 
Every bee-hive contains from fifteen to twenty thousand 
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workers (neutral females), about six hundred drones (males), 
and one queen bee, or perfect female ; once in four or five 
years the queen bee selects a mate from among the drones, 
and by this single act of coitus the innumerable ova to which 
she subsequently gives birth fire impregnated; the drones 
are now killed and expelled from the hive as useless. The 
following account of the construction of the bee-hive is 
taken from Dallas: — ^^We never, however, except at the 
period of swarming, meet with more than one female in the 
hive. The whole duty of the construction of the comb and 
the care of the young devolve upon the workers, whose 
incessant activity has rendered them the most appropriate 
types of industry. The comb, as is well known, consists of 
beautiful hexagonal cells, constructed with mathematical 
accuracy ; it is perpendicular, and composed of a double 
series of cells placed end to end in such a manner that the 
end of each cell is closed by three waxen plates, each of 
which also assists in completing one of the cells of the other 
side of the comb. By this arrangement the greatest possible 
number of cells may be constructed in a given space with the 
smallest amount of material. In these cells the eggs are 
laid ; here also the larvsB are brought to maturity by the 
care of the workers; and when no longer required as 
nurseries for the young, they are employed as a store for 
honey. The eggs which are to give birth to males are 
placed in cells a little larger than those of the workers. 
Those from which females, or queens, are to be produced are 
deposited in cells of peculiar construction, and the laryse are 
fed upon a different food from that of the workers. When 
the population of the hive has grown too large, a portion of 
the workers emigrate, accompanied by a young queen. This 
is termed " swcurmirtg,^* 
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Insects have been divided into the following orders : — 



Ajuetabolic (&, not; 
and /i.tT€Lfi6\osj 
changeable). 



Hemi-metabolic {fifu. 
half ; and fiera- 



Holo-metabolic (SAot, 



1. Anoplura (iyoir\oSy unarmed ; and 
ovpd, tail) — e.g.f louse (pediculus). 

2. Mallophaga (/lioXAt^r, wool; and ^arftiv^ 
to feed) — Bird louse. 

'3. Thysanura {O^wos, a fringe ; and ohpd, 
the tail — Spring tail (podura). 

4. Hemiptera {iifu; and irrcptjy, a wing) — 
Plant lice (aphides). 

5. Orthoptera (6p96v, erect ; and vrtpSv) — 
Cockroach (blattina). 

6. Neiux>ptera (vtvpoy, a sinew ; and 
irr€p6v) — Dragon flies (libellulidse). 

( 7. Hymenoptera (5/ii^y, a membrane; and 
irrcp((y)— -Bees and wasps. 

8. Aphaniptera (&^ai^, unseen; and 
vTtpd, wings) — Flea (ptdex). 

9. Diptera (9^, two; andm-cp^) — House 
fly (musca). 



whole ; and fitra- / 10. Lepidoptera {Ktris, a scale ; c78of, 



e6\os). 



form ; and irrtpii) — Butterflies, 
moths. 

11. Strepsiptera (cprpc^w, I twist ; and 

irrtpii) — Stylops. 

12. Goleoptera {KoKtSsf a sheath ; and 
epA) — Beetles. 



The first three orders undergo no metamorphose whatever ; 
the next three undergo a partial metamorphose ; while the 
last six undergo a complete one. 



2. Arachnid A (iipdxvris^ a spider; and c28os) The mem- 
bers of this class are easily distinguished by the following 
characters : — ^The head is always united to the thorax, so as 
to constitute a cephalo-thorax ; the integument is usually 
hardened with chitine, but sometimes remains soft; there 
are always four pair of legs, never more ; wings are always 
absent, and the abdomen never has limbs of any kind con- 
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nected to it. The majority of the arachnida are adapted for 
a terrestrial life, but some, as the sea spiders (formerly be- 
lieved to be Crustacea), are formed for an aquatic life. As 
the arachnida live chiefly by imbibing the juices of their 
victims, their mouth is adapted for pii^rcing and suctorial 
purposes, and, in the higher forms, consists of a pair ot 
^^ mandibles," a pair of ^* maxillsB,** and a *^ labium.** In the 
scorpion there is a labrum ; the mandibles end in pincers ; 
while the maxillary palpi form ^^ chelse,** or nipping claws. 
The alimentary canal is short and straight. Salivary glands, 
uriniferous tubes, and biliary vessels have been described. 
Respiration is usually effected either by ''*• pulmonary sacs ** 
or " tracheae ; ** in some of the lowest members of the class 
there are no distinct respiratory organs, consequently this 
function must be performed by the general surface of the 
body. The circulation is generally carried on by a dorsal 
heart, which is often elongated ; in the lower grades, how- 
ever, there is no distinct organ of circulation. The nervoxis 
system, though of the homogangliate type, is often concen- 
trated. When organs of vision are present, they consist of 
from two to eight simple eyes. Many of the araneida or 
spiders that belong to this class possess the power of con- 
structing a web, and in order to accomplish this there is a 
special gland, situated at the extremity of the abdomen, 
that secretes a viscid fluid, which hardens when exposed to 
the air, and is fashioned into its thread-like form by passing 
through minute tubes called *^ spinnerets.** All spiders are 
carnivorous ; their mandibles are hooked, and have the duct 
of a poison-gland connected to them. 
The Arachneida are divided into — 

I. Trachearia (trachea, the wind-pipe). 

a. Adelarthrosomata (&, not ; ZrjKoVf manifest ; &p0pov, a 
joint ; and ar&fiOy the body) — Harvest Spiders, Book 
Scoipions. 
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b. Acurma {liKapt, a mite) — Mites, Ticks. 

c Fodosomata (vo^f, the foot ; and trAfia) — Sea Spiders. 

IL Pulmonaria (pulmoneSf lungs). 

a. Aroneida (arahectf a spider) — Spiders. 

6. Pedipalpi (jpes, the foot ; taidpalpo, I strike) — Scorpions. 

3. Cbustacba (crwtta, a crust") comprise a large number 
of animals that are more or less aquatic, and covered with 
a hard, cliitinous envelope, or a partially calcareous exo- 
skeleton. The body of a typical Crustacean consists of 
twenty-one somites placed one behind the other; the first 
seven constitute the head, the second seven the thorax, and 
the remsuning seven the abdomen; frequently the first 
fourteen somites are amalgamated together to constitute a 
cephalo-thorax. The head carries two pair of ant^nnsB. 
The limbs are more than eight in number, and are generally 
connected to the abdomen as well as to the thorax. The 
alimentary canal throughout all the Crustacean families is 
extremely simple, and consists of a mouth, assophagus, 
stomach, and a short intestine. Taking the lobster as the 
most familiar example, we find that the mouth, surrounded 
by modified limbs or ^^ foot jaws,** leads into a short seso- 
phagus that terminates in a globular stomach containing a 
calcareous apparatus for triturating the food, commonly 
called the *'^lady;^ the intestine is straight, and terminates 
by the anal orifice, which is situated in front of the last seg- 
ment of the abdomen, called the "fe&on.** Respiration is 
accomplished usually by gills, sometimes by the general 
surface of the body. The circulation is carried on in the 
higher Crustacea by a dorsal heart contiuning a single 

cavity in the lower by a long dorsal vessel. The nervous 

system, though possessing the homogangliate t3rpe, especially 
in the embryo, is greatly concentrated in the adult. The 
sense' of sight is well developed, and both simple, con- 
glomerate, and compound eyes are met with. The repro- 
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ductive organs always exist in different sexes, and the 
young crabs and lobsters cast their shell ("moult'*) fre- 
quently before arriving at maturity. 

Crustacea are sub-divided as follows : — 
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I. Decapoda 
(S^Ko, ten ; & 
iro^s, foot). 






/ a. Macrura (jjuucpd, 
long ; and ovpo, a 
tail) — Lobeter. Podopthalina- 

b. Bracbyura ($pa- ta (irods, foot ; 
X^w, short ; and and otpBoKft^s, 
ovpd) — Crab. the eye), or 

c. Anomoura(&vo/Aos, stalked-eyed. 
irregular; & ohpd) 
— Hermit Crab. 

II. Stomapoda {<rr6fjLa, mouth ; and 

iroi^s) — Locust Shrimp. 

III. Amphipoda (&/a^^, on both sides; 

and TTo^s) — Sand-hoppers. 
rV. Isopoda (feros, equal; andirotJs) — 
Wood-lice. 



Edriophthal- 

mata (ISpcubs, 

\ sitting ; and 



Y. LaBmodipoda (\ai/i6si throat ; and 
irois) — ^Whale-louse. 



o^OoXfu^s), or 
sessile-eyed. 



s^ i 



YI. Merostomata {fifyoSf a division ; and ffrSfiOj the 

mouth) — Kine Crabs. 
VII. Phyllapoda (ipvKKoVy a leaf ; and iroj5s) — ^Apus. 

YIII. Cladocera (kXJu^os^ a branch ; and Kipcs^ a 

horn) — Daphnia. 
IX. Copepoda {Kdnrti^ a handle ; and iro{fs) — Cyclops. 



X. Ostracoda {itrrpoMoVj a shell) — Cypris. 
.3 g \ XL Trilobita(Tp€ij, three; and\oi8<Jj, a lobe) — Extinct 

XII. Cirripedia (cvrruSf a filament ; and ptSf the foot) 
— Acorn Shells and Barnacles. 

XIII. Epizoa {irij upon ; and i^oL, animals) — Lerzuea 
(parasitic). 



4. Mtriapoda {ftvpioi, innumerable; and T^Sey, feet). 

This class has received the name it bears in consequence of 
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the numerous feet which its members possess. The body 
always consists of more than twenty segments, each segment 
carrying one or two pair of articulated legs. There is no 
clear line of demarcation between the thorax and abdomen. 
The head, however, is distinct, and carries one pair of an- 
tennae. The body segments increase with the age of the 
animal, and are C/Overed with a semi-calcareous or coriaceous 
integumentary envelope. The alimentary canal is distinct. 
Bespiration is performed by "tracheie.** Circulation is 
carried on by a dorsal vessel or heart. The nervous system 
consists of a ventral chain of ganglia of the homogangliate 
type. The sexual organs are in different individuals. The 
eyes are conglomerate. The sub>divisions of this class are 

1. Centipedes (cerUitm, a hundred; and pedes^ feet). 

2. Millipedes (mille^ thousand ; and pedes). 

1. Centipedes (scolopendridae) are carnivorous, have from 
fifteen to twenty pau* of legs, and their antennae have not 
less than fourteen joints each. Their mouth is provided 
with a pair of horny jaws and a pair of curved perforated 
poison-fangs. The bite of the European species is harmless, 
but some of those in the tropics attain a large size, and can 
inflict a dangerous bite. 

2. Millipedes (julidse) live chiefly on decaying vegetable 
matter, have numerous legs (more than twenty pair), and 
their antennse have never more than six or seven joints each. 
They are perfectly harmless, and live in dark, damp places, 
beneath stones or the wood of decaying trees. 

n. Anabthropoda (iveu, without ; fyOpovj a joint ; and 

iroisf the foot) In this division the locomotive appendages 

are either absent, or, if present, are never distinctly articu 
lated to the body. They are divided into — 

I. Anelli^a (anellus, a little ring ; and cZ5o5,.form.) 
11. Gephyrea (y4^vpa, a bridge). 
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L AniLUDi are uinnlated vonu-Iike anitaals, ctyiatA 
with ft *oEt integumenUrj envelope. The segments of the 
bodj (kecbet excepted) are provided vith appendages which 
are never articulated to the bodj, aod thej are vBotMy 
wlapted for the purpose of locomotion. The ■limenttUQ' 
canil it distinct and straight, coniisting of a mouth, tgao- 
phagtu, itomach, and intestine, the latter terminating in a 
distinct anas that is usually situated at one extremity of the 
bod;. Beapiration is performed hj braDchiE, or bf the 
general surface of the bod;. Man; have involutions of the 
integumeat, called "lespiratory pouches" or "segmental 
organs," supposed to be engaged in the function of respira- 
tion. Circulation is carried on bj a set of vessels termed 
pseudo-hiema] (^tvS^i, false; and o^. blood), sopposed Co 
be homologous to the "water vascukr** system of the 
Aonnloida \ there is no distinct contractile dorsal v«aseL 
The nervous system conusts of a double chain of VMitral 
ganglia, preeenticg the homogangliate type. The o^ans 
of sense are extremely simple. The embryos are usually 
ciliated, and often ondergo a metamorphose. The oigans of 
reproduction are sometimes diatinet, sometimes they are 
united in the same individuaL The sob-divisions of this 

L Bisochiata (Jmradtim, gills). 

a. Tubioola (tvbvM, a tube ; and edo, I inhabit), marine, 

living In tubes, t.g., S«rpuliL 

b. Emntia {erroM, wandering), marine, always fnti, 
e.g., Sea-mnuau (.iphniditel, Lob-wonn larenicoU pis- 

im), Hairy-bait {nephthjs). 

II. Abranchiftta (a, not i and branrhia). 

a, Hirudine-a, '.y., Iiseohea. 

b. OL'giwhffitB {a\i-pi, little ; a 
ta (lumbricidfe), Wati 
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The Hirudinea, alw called suctorla and dlicophoni 
(SloKoi. a disc ; and fipot, bearing), comprise the welU 
kDown leeches or blood-sucken. They are all nquatic, sonie 
living in fresh water, othera in the sea. They have, at one 
or both extremities of the body, a sucking disc, by means of 
which they creep along in a very peculiar way. Their body 
is distinctly ringed; the alimentary canal is short, has lateral 
dilatations, and is connected lo the integument by a vascu- 
lar spongy tissue. Respiration is performed by the general 
sorfaceofthe body, and by the respiratory pouches; there 
arc no branchjte. The pseudo-htemal system consists of 
tom- lon^todinal vessels united by lateral branches. The 
nervous system presents the usual homogangliate type. 
There are eight or ten ocelli, arranged in a semicircle 
above tlie mouth on the surface of the sucking disc. The 
leech, though hermaphrodite, cannot impregnate its own 
ova, but, strange to say, requires the- presence of a second 
leech for that purpose. The medicinal leech (Eanguisuga 
olScioalis) has three semicircular serrated teeth, by means 
of which it pierces the skin ; its bite is perfectly harmless, 
but that of some of the tropical leeches (e.g., birudo zey- 
lanica) is very severe, and liable to be followed by dan- 
gerous sores. The horse leech has no teeth. 

n. Gephteea (yiipiipa, a bridge) have received this name in 
consequence of their forming the bridge, as it were, or con- 
necting link between the annelids and holothurians — in fact, 
they were for a long time placed among the echino-dermata, 
11 tliiai; h} lliL' LiljaoQce both of a 
aii of calcartoue matter in their 
, found imbedded 
a empty univalve shells. They 
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CHAPTER XL 

Annui<oida. 

Amnuloida (armtdw^ a ring ; and tlBos, form)^ also termed 
by Professor Owen, Nematoneura (v^aw, a thread; and 

v9vpoy^ a nerve) The members of this and the succeeding 

sub- kingdoms live either in water or in the interior of other 
animals ; none of them erjoy a free terrestrial existence. 
The Annuloida are known by the following characters: — 
They all possess a distinct set of vessels, which have received 
the name of the " water vascular " or '* aquiferous " system. 
The alimentary canal, when present, is distinct, and usually 
has both an oral and an an{J aperture. A nervous system 
is present, the ganglia being arranged symmetrically. They 
often exhibit in their reproduction what is termed ^* alterna- 
tion of generation** (vide Appendix). They are divided 
intO: — 

1. Echinodermata. 

2. Scolecida. 

h Echinodermata (^x^os, a hedgehog; and 8^p/Aa, a 
skin) The members of this group always have their integu- 
ment more or less hardened by calcareous matter. An ali- 
mentary canal is always present. The water- vascular system 
is termed the *''' ambulacral^* (amhtdo, I walk) system, because 
it is often used in locomotion. The nervous system forms a 
ring round the gullet, from which branches proceed to the 
different parts df'^tlie body. They are divided into the 
following orders: — 
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I. Hoi.OTHU&i]>B/i (6\o9o^ptoi>; and flSor, form)..— Body 
elongated and worm-like ; integument thick and contractile, 
often destitute of calcareous matter ; mouth surrounded by 
tentacles ; a distinct anus always present ; ambulacral system 
sometimes rudimentary. The members of this order are 
commonly called sea "cucumbers" or "trepangs." 

II. EcHiNOiDBA (^ix"^os, a hedgehog ; and cISos. form) 

Body covered with a " test " or shell, composed (in all exist- 
ing forms) of ten calcareous zones. The five larger zones 
are imperforate, and termed " irUer-ambulacral areas ; " the 
five smaller ones are perforated with holes for the ambu- 
lacral tube feet, and termed " ambulacral areas,^* The test 
is covered with tubercles carrying spines. The mouth is 
guarded by five teeth, popularly called " Aristotle^ s lantern,''^ 
The members of this order are commonly called " sea hedge- 
hogs," "sea urchins," or "sea eggs." 

III. AsTBROiDBA (jSurrpoy, a star ; and cTSos) Body star- 
shaped, consisting of a central portion, surrounded with five 
or more arms, containing prolongations from the stomach ; 
integument thick, and hardened with calcareous matter. 
Nervous system truly radiate; oral and anal apertures 
present. The members of this order are popularly known 
as "star-fish." 

rV. Cbinoidba {Kplyov, a lily; and eRJof, form). — Body 
covered by calcareous matter, and fixed during the whole 
or a portion of the animal^s existence by a flexible stalk. 
There are five or more arms ; alimentary canal has both an 
oral and anal aperture. The members of this order were 
formerly numerous, but are now scarce ; they comprise the 
"feather stars" or "sea lilies." 

y . Ophtuboidba (J6^f a serp^it ; ivpa, a tail ; and cTSos) 

Body circular, to which are attached five arms that do not 
contain prolongations of the stomach ; integument hardened 
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e,g. 



with calcareous matter. There is an oral aperture, but no 
anal. This order contains the sand stars and brittle stars. 

VI. Ctstoipea (ic^otu, a bladder; and€25os)."| Both these 

V orders are 
VII. Blastoidea (fiKdffTos, a shoot ; and c78os). j extinct 

2. ScoLBCiDA (^ffK^KvC A worm ; and elBos) The animals 

comprised in this division never have their integument 
hardened with calcareous matter. The alimentary canal is 
frequently absent, and the nervous system is very rudimen- 
tary, consisting only of one or two ganglia. They all, 
however, possess a water- vascular system. Many are inter- 
nal parasites, and are reproduced by an alternation of gene- 
rations. They are divided into — 

Tape-worms ; all are para- 
sitic, and have no alimen- 
tary canal {vide Appendix). 

Flukes, parasitic ; alimen- 
tary ctaial has only one 
aperture. 

Planarians, aquatic; alimen- 
tary canal has only one 
aperture in the majority. 

Thread-worms, free and 
parasitic; alimentary canal 
has two apertures. 

Thorn-headed worms, para- 
sitic; alimentary canal ab- 
sent. 

« 

Hair-worms, parasitic in in- 
sects; alimentary canal has 
only one aperture. 

Wheel animalcules, aquatic, 
microscopic ; alimentary 
canal has two apertures. 



^ g I. Taeniada {rcdytOf a 
cw o I band). 

I / II. Trematoda {rpvifia- 
* < \ TC&Srjy, perforated). 



III. Turbellaria (£ur&o, 
I disturb). 



IV. Nematoidea {tnifia; 

and c?5os, form). 

V. Adantho-cephala 
(AKcufOa, a thorn ; & 

icc^a\4 the head). 



VI. Gordiacea. 



VII. BotifersB (rota, a 
wheel ; and fero, 
I bear). 
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CHAPTER XIL 

Cjslbnterata. 

Cjslenterata (icoiAor, hollow ; and tvr^pov, intestine) All 

the members of this sub-kingdom are aquatic, and com- 
monly called ^^ zoophytes** (f^ov, an animal; and ipvr6v, a 
plant), or plant-like animals, in consequence of the striking 
resemblance which many of them bear to plants, oflen 
resembling flowers in their appearance. The body is com- 
posed of a soft, sarcode substance, covered externally by a 
membrane named the ^* ectoderm,** and internally by the 
^^endoderm.** In nearly all the ectoderm is furnished with 
peculiar microscopic organs, termed "cnidae,** "nemato- 
cysts," "thread-cells," or "nettle-cells,** which confer on 
these animals the urticating or stinging property so well 
known to all sea-bathers in the case of the common jelly- 
fish. The alimentary canal communicates with the general 
body cavity, and has only one aperture, which performs the 
duties of both mouth and anus. There are no distinct 
organs of respiration and circulation. The nervous system, 
when present, consists of a solitary ganglion, from which 
small filaments take their origin. Ocelli and auditory sacs 
are, for the last time, met with in this sub-kingdom. Ke- 
production is either sexual, non-sexual (fission or gemma- 
tion), or both. They are divided into — 

1 . Hydrozoa (0S»p. water ; and C'P^ animals). 

2. Actinozoa {jiucris, a ray ; and ifo). 
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1. Htdrozoa. — These animals have no distinct digestive 
cavity — in other words, the body cavity and digestive cavity 
are identical, and the organs of reproduction are situated on 
the external surface of the body. They are divided into the 
following orders: — 

I. Acalephs (iucoKfnprii, a nettle — Medusae), eg.. Jelly-fish or 
Sea-nettlecL 
II. Hydrse (05a»p, water), e,g^ Fre^-water Polyps. 

III. Sertularidse (sertvlaj a plant ; and tlBos, form,) cy., some 

Sea Firs and their allies. 

IV. Gampanularidse (campantUa; and etBos\ cy.^ do., do. 
y. Tubularidse (tuhuSj a tube ; and €75os), „ Corynids. 

4 

2. AcTTNOzoA.-^These animals have a distinct digestive 
cavity that opens into the general body cavity, and is 
separated from the body walls by the "perivisceral" space. 
The organs of reproduction are internal. The following 
orders are included in this class : — 

I. Actinse (iucrisj a ray), e.g.y "Sea Anemones," "Animal 

Flowers." 
II. Alcyonidse (kKKv6v€wv, bastard sponge), e^., " Dead men's 
toes," "Cow paps." 

III. Madreporidse, e.g., Tree Corals. 

IV. Corallidffi {KopixXioVy coral ; and cI8os), t.g.j Corals. 

V. PennatulidflB ('pennay a pen ; and €28os), „ "Sea pens." 
VI. KugoBse {ritgomiy shrivelled). — (Extinct). 
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CHAPTER XUI 

Protozoa. 

PaotoeoA (irpfiro, first; and fi^o, animals) This sub- 

kingdom forms the last and lowest division of the animal 
world, and comprises a vast number of animals, the great 
majority of which are microscopic, and are commonly termed 
^^animalcules;** the sponges, however, form an important 
exception. They are entirely composed of a simple jelly- 
like substance called sarcode (trdp^, flesh ; and cI5os, form), 
and have no distinctive organs whatever — in fact, they are 
chiefly known by negative characteristics. A distinct ali- 
mentary canal and nervous system are totally wanting, hence 
the members of this sub-kingdom are called acrita (&, not ; 
and Kjiiw, I discern) ; separate organs of respiration, circula- 
tion, vision, and audition are also absent. This sarcode, or, 
as it has been termed, protoplasm, of which they are com- 
posed, usually possesses the power of active locomotion and 
contractility ; it sometimes contains only minute granules or 
molecules, often a nucleus or nucleolus, and frequently small 
cavities called '^contractile vesicles,** supposed by some to 
be rudimentary organs of circulation. They are generally 
gemmiparous or fissiparous in their reproduction; some, 
however, multiply by sexual intercourse. They are divided 
into 

1. Stomata ((rr6fia, the mouth). 

2. Astomata (^ not ; and tn^), 

1. Stomata comprise those minute animalcules that are 
frequently found in organic infusions, and are consequently 
denominated infusoria. It is still ''sub judice** whether 
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they are developed from pre-existent, undiscoyered micro- 
scopic germs, or are produced by what has been termed 
** spontaneous generation" from the materials existing in 
the organic infusion ; be that as it may, they undoubtedly 
exist and constitute the most highly organised divbion of 
the Protozoa. All the infusoria possess a mouth (the adneta 
has many mouths, hence the name polystome — voA.^ many ; 
and ar6fjMf a mouth — given to this order by Professor 
Greene), and are furnished with vibratile cilise ; the mouth 
does not open into any distinct digestive cavity, but into the 
sofl sarcode of which the animal is composed. Spaces named 
vacuoles are found in this sarcode, which Ehrenberg believed 
to be stomachs, hence he named them polygastrica (ir6xxii^ 
many ; and y(urH\p, a stomach). They are divided into — 

1. Ciliata (cilium), €,g,, Epistylis, Paramoedum. 
II. Suctoria {tugOy I suck), e:^., Adneta. 

III. Flagellata {flagdlum, a whipX e.g.y Peranema. 

IV. *Noctiluca (tuxb, night ; and luceo, I shine), eg., Noctiluca 

miliaris. 

2. AsTOMATA — This division of the Protozoa comprises 
those animals in which there is no mouth whatever; they 
are first divided into — 

1. Rhizopoda. 2 Gregarinidse. 

1. Rhizopoda QiC<^ a root; and vo^s, the foot) ^These 

animals are characterised by the peculiar property which 
they possess of throwing out processes of sarcode called 
pseudo-podia (^tvHiis, false; and to^s). They are divided 
into the following orders: — 

I. Spongida (ffiriyyos, a sponge ; and el5oj, form). — These 
animals consist of a framework of horny fibres, or of cal- 
careous or flinty processes, covered with the spouge flesh. 

* Principally cause the luminotiity of the aea. 
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There are numerous holes leading into the *^ aquiferous ** 
canals that permeate the sponge in all directions, and 
through which the water circulates, carrying food, which is 
taken from it by the pseudo-podia belonging to every 
individual sponge particle. The great majority of the holes 
are small, and are called *^ pores** or ** inhalant apMures ; '* 
by these the water enters. A few of the holes are large, 
and are termed ^^ oscula** or '''• exhalant apertures ; ** through 
these the water is ejected. The sponge has been compared, 
by Professor Huxley, to " a kind of sub-aqueous city where 
the people are arranged about the streets and roads in such 
a manner that each can easily appropriate his food from the 
water as it passes along.'* This circulation is maintained by 
cilia waving towards the interior of the sponge. 

II. Badiolabia (radius^ a ray) are small marine animals, 
composed of a jelly-like sarcode that has the power of 
throwing out long thread-like pseudo-podia, and of secreting 
a silicious or flinty skeleton, either iq the form of a shell or 
of separate spicules. This order includes three families, viz. : 
Acantho-metrina (jSMaafBoy a thorn; and tiirfiov, measure), 
Polycystina (vdwrj, many; and K^(mSf a bladder), and 
Thallasicollida (Baxduraa, sea ; and kSwo, glue). 

m. FoBAMiNiFERA (foramen, an aperture; and ferens^ 
bearing).— The members of this order consist of a simple 
sarcode substance that has the power of throwing out long 
thread-like pseudo-podia, which interlace with each other 
so as to constitute a net-work termed ** animated spider's 
web.*' The body is always protected by a shell or " test," 
which is either calcareous, {.e., formed of carbonate of lime, 
or " arenaceous," e.«., formed of sand, welded together by an 
animal cement. These shells are either mono-thalamous 
{ti6vos, single; and 0d\aftoSf a chamber), single-chambered, 
or polythalamous (w6\vst many ; and Od\af»os)^ many-cham- 
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bered. They are arranged in two great divisions, depending 
on the absence or presence of small foramina in the shell 
wall, viz., imperforata and perforata. The great chalk cliffs 
of the soutih of England are almost entirely composed of 
microscopic shells of this order, while the stone of which 
Paris is bailt is mainly composed of the shells of these 
animals. 

rV. AiLfiBEA (&/Lu>ijBaios, interchanging). — This order is so 
named in consequence of its members constantly changing 
their shape; they are all minute aquatic animals. Their 
body is coniposed of a simple sarcode substance, containing 
a nucleus and contractile vesicle, and has the power of 
throwing out pseudo-podia Uiat are generally blunt. 

2. GnEGABiNiDiE (gregatitts^ occurring in numbers) are 
minute unicellular animals, living as parasites in the alimen- 
tary canal of vertebrate and invertebrate animals, and 
frequently found in the intestines of the cockroach and 
earthworm. The body consists of a single cell, containing 
granules of darcode, a nucleus and nucleolus, and does not 
possess the property of emitting pseudo-podia. 
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HUMAN PARASITES. 

The best and most concise description of the parasites that 
infest the* human subject, that I am aware of , is to be found 
in Dr.* Aitken's celebrated Practice of Medicine^ from which I 
have copied the following tabulated arrangement of the Entozoa, 
and where fuU information on this interesting subject can be 
obtained. 

ENTOZOA. 

** A. Solid Worms : — Platylmia ; vel, Stebelmintha. 

I. Cestoidea — Banded, riband-like, girdled, or tape-worms, in 
the form of — 

1. Mature sexual parasites, androgynous, and living in the 
alimentary canal. 

(a.) Tanice. 1. TcBnia solium (LiKNiBUs), the common tape- 
worm of man in this country. 

2. „ medioeandlata (Kuchenmeisteb), the 

common tape-worm of man on the 
Continent. 

3. „ marginata (Batsch, Gobbold). 

4. „ elliptica (Batsch, Cobbold). 



1 5 4 Appendix, 

5. Tftnia acanthotricu (Wbinlaio), Cobboij>), its 
larva, soolex, or cystioercas only 
known. 

{\, „ nana (Siebold), a very small filiform 
Tania, 

7. „ fiavopunctata (Wbinland, Cobbold). 

8. „ tckinococcut (Siebold). 

0>>) HfithriottpKall. 1. BothrioeepkaUu lotus {BRmiRER) ; vel, 

T, lata (LiNNJEUS^ the broad tape- 
worm, endemic to mui in some 
localities only. . Its embryo is 
ciliated and developed in water 
(Knock). 
2. fiotkriocepKaltu oot'c^atiw (Leuckart), 
new to science ; recently found in 
North (xreenland. 

'2. lmmAt\ir« non>»oxual« cystic, or vesicular parasites, the em- 
hrytrtttic fonn of the gt^nera sub (a.) Tanuf. 

{h.) f'VffWrvi, K Cff^tictrrus tnfnue cellulosre (Rudolphi), 

the larva or scolex of the T. 

2. ,, tofHur mediocanellaUe (Lsuc- 

rartV the larva or scolex of 
r. medioeaneUata, 

^. ,, ie^^mioolli* (Rudolphi), the 

larva of T, wkorffimaia. 

4^ ,« Umiof tUiptk^ at present un- 

known. 

5. ,, tmiMr ofmmikoirim (Wbin- 

land), only the cystio»xnis 
found ; mature Tcnua not 
vet foiwd. 

<{. t«miet mamiBy at present un- 

known ; probahly inhabits 
insects (LbtckaktV 
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7. Cystieereua tanicB JUtvapundatay also at 

present unknown. 

(b.) Eckinococei. 8. Eekinococcus konUnis (Rudolphi), the larva 

of Tcenia ecJUnococcun. 

II. Trematoda — Fluke-like parasites. 

1. Fcuciola hepcUica (Linnaus) ; vel, DiHoma hepaticum 

(Rudolphi). 

2. DistofnO' croMum (Busk) ; vel, Dintoma BtuHi (Lan- 

kester). 

3. DUtoma lanceolatum (Mehlib). 

4. Distoma ophthalmohium (Dibsino). 

5. Distoma heterophyes (Sibbold). 

6. BUharzia hcematobia (Gobbold) ; vel, Gynceeophorus 

haematdbius (DiESiKo). 

7. TetrcuUmw, reneUe <Della Chiaje). 

8. Hexathyridium pingtucola (Treutlbr). 

9. Hexathyridium venarum (Tbeutlsb). 

B. HoLix)w Worms : — Nematelmia ; vel, Ccblelmintua. 

I- Ahcarides — Unisexual, body attenuated posteriorly, and 
still more so anteriorly, mouth with three tubercles, tail 
of the male narrower than that of the female. 

1. Ascaris lumbricoides (Linnaub). 

2. Ascaris myttax (Rudolphi, Gobbold) ; vel, Afcaris alata 

(Bellingham). 

3. Trichocephalua dispar (Rudolphi). 

II' Oxyuridbs — ^Unisexual, body more attenuated posteriorly 
than anteriorly, rudimentary tubercles roi^nd the mouth, 
tail of male thickened. 

1. Oxyurit vermicularis (Bremser). 

Ill- Trichina — Unisexual, cystic, and free. 
1. Trichina spiralis (Owen). 
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rV. SoLKBOSTOMA — UiuBexual, body slightly attenuated an- 
teriorly, mouth with four hooks, tail of male cup-shaped. 

1. Sderostoma duodenale (Cobbold) ; yel, Aneylostoma duo- 
denale (Siebold). 

v. Stbonotlus — ^Unisexual, body attenuated posteriorly, mouth 
with six lobes, tail of male cup-shaped. 

1. StrongyluB hrimchialis (CoVBOuy) \ vel, Filaria bronchialis 

(RUDOLPHi). 

2. Euttrongylus gigcu (Diisiifo) ; yel, Strongylus renalig 

(Moquin-Tandon). 

VI. Spebofteba — Unisexual, taQ spiral, and furnished with 

marginal appendices. 

1. Speroptera hominit (RuDOLPHi). 

VII. FiLABiA — Unisexual, body equal (filiform), mouth with 

three tubercles, tail simple. 
. 1. FUaria lentit (Diesino) ; vel, Filaria oeuli humani 
(Nobdmann). 

2. Filaria medinensis (Gmelin). 

O. A third class may provisionally be regarded as accidental 

Parasites. These are — 

PerUattoma constrictum (lung, liver ; W. Coast of Africa). 
Anihomia caaicularit, larva, exciting causes of boils. 
Pentcutoma denticulatum vettris hominis (Siebold), liver and 
smsdl intestines." 



EPIZOA. 

Class, Order, Oenus. Species, 

Pediculus capitis. 
„ pubis. 
Insecta. Anoplura. PediculidsB, \ ' „ corporis. 

palpebrarum, 
tabescentium. 



» 



, ., . . A 'J \ Acanis scabeei. 

Arachmda. Acanna. Acandae. | ♦Demodox f oUiculorum. 

* By some Natnra1i!>t8 the Demodox is ranked among the Acaridie, by 
others among the RotifersB. 
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ft 

Alternation of generation, or Metagenens, first described bj 
Steenstrup, is well exemplified in the development of the tsBnia 
solium, or common tape-worm. This worm, when mature, 
inhabits the intestines of the human subject. It consists of a 
minute head, terminating in a convexity, surrounded with a 
double row of hooks ; posterior to this convexity there are 
situated four equi-distant cups or suckers. The head is followed 
by a slender neck that presents transverse markings, and to this 
succeeds the body, which consists of a number of similar seg- 
ments, termed Zoonites, or Proglottides. Each segment is her- 
maphrodite, contains numbers of ova, and is expelled in this state 
per rectum. Every mature ovum is protected by a leathery 
capsule, which ensures its vitality for a long time after the 
segment has disappeared by putrefaction. The majority of these 
ova perish, but some are swallowed by other animals ; and when 
one of these ova is swallowed by the pig an embryo is set free, 
termed a proscolex, provided with three pair of spikelets, by 
means of which it makes its way to some resting place, or per- 
chance it may enter a mesenteric vein, and be carried by the 
blood to the liver ; in either case it becomes encysted and consti- 
tutes a cysticereus, or echinococctis, the embryo per se being called 
a icolex. In this condition some transverse lines may make their 
appearance on its neck, indicative of future segmentation, when 
it is technically termed a strobila embryo. It never reaches any 
further stage of development, unless it is swallowed by man, 
when it becomes developed into the perfect taenia solium. 
Accordingly, it passes through the following stages, viz. : — ovumy 
proscoleXf 8Colex, atrdbila embryo, and t(enia solium. Man generally 
l)ecomes infested with the tape-worm from eating diseased pork, 
for these worms constitute the disease called measles in the pig. 



REPRODUCTION. 

I have here copied from Dr. Mapother's work on Physiology 
A tabulated arrangement of the several methods of reproduction, 
framed by Professor A. Thomson, to which Dr. Mapother has 
added an example of each. 

K 
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NON-SEXUAL. 

" FI88IPABOT78 — ^Parent splits, eftch part a new animaL 

1. TVaiiBvene — Amaba, 

2. Longitadinal — VorUetUa. 

3. Lregolar — Oonium. 

Parent splits and discharges the young — Volvox. 

" Gemh IFAROUB — ^Budding upon the parent stock — Hydra. 
Separated buds. Gremms or sporules. 

1. On all parts of the body — Meduaoi. 

2. On one part or organ only — Tunicata. 

SEXUAL. 

" HiXMAPHBODiTE — ^Both sexual organs on one individual. 

1. Self -impregnation — Tape-worm. 

2. Mutual impregnation — SnaiL 

** DiJBCioUB — Oviparous, laying eggs which are hatched. 

1. External fecundation — Herring. 

2. Internal fecundation — F(yid. 

Ovo- viviparous. Eggs hatched within the maternal 

body — Sfioke. 
Mammiferous, suckling the young. 

1. Monotrematous — Omitkorynchus. 

2. Marsupial — Kangaroo. 

8. Placental, or strictly viviparous — Man.** 
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EXAMPLES 

OF THE KIND OF QUESTIONS ON 

ZOOLOGY AND COMPARATIVE ANATOMY, 

GIVEN BT SOME OF THE 

PRINCIPAL EXAMINING BOARDS 
IN ENGLAND AND IRELAND. 



LONDON UNIVERSITY. 

Give an account of the structure of the human 
eye-ball: compare the structure of the eye with that 
of the ear ; and state what are the principal modifica- 
tions undergone by the organ ot vision in the Animal 
Kingdom. 

What is the meaning of the term "Homology?" 
On what grounds is it justifiable to assert that two 
organs or parts are homologous? Illustrate your 
answer by examples. 

What are th^ chief anatomical and physiological 
peculiarities of the Cephalopoda f 

Enumerate the most important distinctive characters 
of tho skeletons of an Amphioxus^ a lamprey, a cod-fish, 
and a shark. 
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What are the most prominent characters of the class 
Aveaf Point out in what respects they differ from the 
Mammalia on the one hand, and from the ReptiUa on 
the other. 

What ,are the characters of the order Ruminantia f 
Enumerate any genera of ruminants which present 
exceptional peculiarities. 

In what respects do the Amphibia (or Batrachian 
Reptiles) resemble fishes, and differ from other verte- 
brata? 

Give an account of the structure and habits of the 
ToeniadoB, explaining the real nature of the so-called 
genera Cysticercus^ Ccenurus^ and Echinococcus. 

What variations are presented by the structure of 
the vertebral column in the class Pisces f 

In what respects do the Vertebrata^ MoUusca^ and 
ArUcuUxta differ from, and agree with one another in 
structure and development? 

How is the function of respiration performed in the 
lobster, the snail, the whelk, and the oyster? State 
the classes and orders to which each of these animals 
belong. 

What is the nature of the parts denoted by the terms 
Vert^bra^ Axis^ Atlas^ Felvis, Tarsus, Os tennporale, Os 
quadratum f 

What are the distinctive characters of the order 
MarsupiaUa ? 
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Describe the structure and habits of a sponge, and 
enumerate the orders of the Protozoa, giving the dis- 
tinctive characters of each. 

Describe the organization of any Pulmonate Mollusk. 

Describe and contrast the structure and modes of 
development of ordinary Bone, of Dentine, of Enamel^ 
and of Crustacean and Molluscan Shell. 

What are the most important and characteristic 
peculiarities in the organization of an Insect? and 
how do Insecta differ from Arachnida, Myriapoda, and 
Crustacea f 

A spirally-coiled shell, divided by perforated septa 
into regular chambers, is^ placed before you — ^by what 
characters would you be guided in deciding whether it 
belongs to the Foramemfera, the Dibranchiate^ or the 
Tetrabranchiate Cephalopoda f 

Give the characters of the class Mammalia, and 
define its orders. 

Give an account of the leading peculiarities of the 
Chelonia. 

The term " Shell " is applied to a number of animal 
parts. Explain the differences between the " shells " 
of an armadillo, a tortoise, a whelk, a mussel, and a 
lobster. 

Describe the characteristic features of the dentition 
in Rodents, Ruminants, Camivora. 
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Name the classes and orders to which the following 
animals belong i^-ojster, leech, bee, tape-wonn. 

Give an account of the distinctive characters of the 
class Aves. 

Describe the characters of the class AfnpkSnOj and 
the nature of the metamorphoses undergone bj certain 
members of that class. 

Enumerate the orders of the class Insecta^ and 
describe their distinctive characters. 

Describe the general characteristics of the class 

Pisces. 

Describe the nature of the respiratory process in 
Animals, and the principal modes in which that func- 
tion is performed. 

Describe the characters of the following orders : — 
Cheloniaj MctrsupiaUa, Coleoptera. 

Refer the specimens A, B, C, D, E, F, before jou, 
to their respective orders, giving the reasons for your 
determinations. 



QUEEN'S UNIVERSITY, IRELAND. 

Describe the structure and form of the placenta in 
the cow, hog, dog, and rabbit. 

State the principal characteristics of the recent and 
extinct orders of the BeptUia. 
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Give an idea of the structure of a sea-urchin. 

What indigenous orders of mammals belong to 
South America ; what to Australia ? 

Name the chief families of acanthopterous fishes, 
giving an example of each. 

Describe carefully the nervous collar surrounding 
the gullet in the higher mollusks. 

Describe the general phenomena of development in 
vertebrata. 

State in detail the characteristics of the Pisces ; 
name the orders, and give their special characters. 

Describe the vascular system of the Cephalopoda. 

Name the chief families of web-footed birds, noting 
the characters by which they are best distinguished. 

Define precisely those characters which are common 
to ganoid fishes and selachians, 

Describe as minutely as you can the general struc- 
ture of the Tunkaia. 

Give the names, distinguishing characters, and geo- 
graphical distribution of the families of Edentata, 

Mention the principal characters of the Oanoidei and 
Dipnoi^ together with the names of the most recent 
genera belonging to these groups. 

Describe the peculiarities of the skeleton in birds. 

State the dental formula of the skulls on the table. 
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State the characteristics of the families of the Eden- 
tata, and of the Carnivora, 

What characters distinguish Marsupials from Mono- 
tremes^ while associating them with other mammals ? 

Compare the pelvis of the struthious birds with that 
of other birds and of mammals. 

How does respiration take place in the lancelet 
{Ampkioxus) ? 

Describe the circulation in the frog and axolotl. 

Give an account of the air sacs in birds. 

Describe the structure and metamorphosis of the 
Tcmia Ccenurus, 

Describe the anatomy of the common star-fish. 

Miimtely describe the structure of the exo-skeleton 
of the lobster. 

Explain the terms, omithodelphous, didelphous, and 
monodelphous. 

Give a description of the digestive system in a 
ruminant. 

State the special characteristics of the Amphibia. 

Give a formula showing the deciduous dentition of 
the American monkeys. 

What orders, families, and species of reptiles are 
indigenous to Great Britain ? * 

Describe the mouth of a cyclostomatous fish. 
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In what respects do the Prosimiae (Strepsirrhina) 
differ from other Quadrumana ? In what regions of 
the world do they occur ? 

State the principal characters of Lacertilia. 

Describe, as minutely as you can, the structure of a 
quill-feather in any ordinary bird. 

Give an idea of the structure of a sea anemone. 

State the chief characteristics of the Arachnida, 

Describe the nervous system in the LameUihranchiata, 

Give the names and characters of the orders of 
Arachnids. 

Describe the digestive apparatus in the common 
star-fish. 

Describe the structure of the circulatory system in 
the higher Crustaceans. 

What anatomical character clearly distinguishes the 
higher invertebrate from caelenterate animals ? 

Briefly state the names and diagnostic characters of 
the sub-kingdom Vermes. 

In what respects do the Chilognathous differ from the 
ChUopodous Myriopods ? 

Contrast the essential characters oi Brachio-podous 
with those of Lamellibranchiate Molluscs, 

Describe the peculiarities of the skeleton in Chelonia, 
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Describe the structure of the shoulder girdle in a 
bird. 

State the characters of the orders of the Amphibia, 

What commou Mammals represent the order Insecti- 
vora in Britain ? 

Briefly indicate the most important points of agree- 
ment between the classes of birds and reptiles. 

Compare the gills of a shark or ray with those of^ an 
osseous fish. 

Give the names and geographical distribution of the 
existing genera of the struthious birds. 

State the characters of the leading groups of Artio- 
dactyUma Ungulata, 

Give the names and characters of the main divisions 
of teleostean fishes. 

Describe the pecularities in the respiratory organs 
of birds. 

Mention some of the characters by which the 
poisonous snakes may be distinguished. 

Mention the distinctive characters of the elasmo- 
branchiate fishes. 

What fishes are known as Holoc^halij and why are 
they so called ? 

Indicate briefly a few points of structure by which 
the elephant approximates to (all or some) rodents. 
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Describe the gills of the oyster. 

Describe the alimentary canal of the leech, com- 
pajring it with that of the earth-worm and of the sea- 
moase. 

State the principal structural characters of the order 
Eodentia. What genera of rodents are represented in 
the British Islands ? 

Describe the structure of a quill feather. 

Give the characters of the orders of Teleostei. 

State the principal characters of the class Myriopoda, 

Contrast the characters of the Asteroidea and Ophiu- 
roidea. 



HER MAJESTY'S ARMY, NAVY, AND 
INDIAN MEDICAL SERVICES. 

Enumerate the entozoa which inhabit man : give 
their proper names, the organs they infest, and state 
what you know of their habits, origin, and develop- 
ment. 

Enumerate the bones in the hind leg of the horse, 
and give their homologues in man. 

Describe the structure of the hiunan ovary and 
ovum, and contrast the latter with that of a bird. 

Give the dental formula and peculiarities of the 
alimentary canal in ruminants. , 
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Describe the structure and mode of development of 
a bird's feather. 

Enumerate the five principal races of man : give 
their distinct characters and native countries. 

TV hat are the divisions of the class Mollusc ? and 
how are they characterised ? 

Enumerate the orders to which the British Mammals 
belong, and give an example of each. 

Distinguish the microscopical characters of the bone 
of a mammal from those of a bird and reptile. 

What are the principal modifications of the skull in 
the races of man ? * 

Describe a typical vertebra in the language em- 
ployed by Professor Owen, and point out, in accor- 
dance with this the homologies of the atlas, axis, and 
third cervical vertebra. 

Describe the anatomy and metamorphosis of the 
tape-worm. 

Describe the principal modifications of the vertebral 
column in the class Vertebrata. 

To what class and order of animals does the Leech 
belong ? Describe its mouth and digestive system. 

Enumerate the orders of the classes Aves and Inseeta^ 
and give their characters. 

Give the distinctive characters of the Animal and 
Vegetable Kingdoms. 
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Describe the respiratory system in Fish, Reptiles, 
Mollasca, and Articulata. 

What are the Ruminantia ? Give examples and 
describe the digestive system of the order. 

Describe the general structure of the class Crustacea, 

What are the characters of the class Inaecta f Give 
examples of its orders. 

From what animals are coral, sponge, whalebone, 
spermaceti, musk, and ivory obtained? Give the 
scientific names of these substances, and of the animals 
that produce them. 

Give the essential distinctive characters of the class 
Vertebrata, 

What is meant by the term alternation of genera- 
tion ? Give instances in animals in which it occurs. 

Give an account of the principal modifications in 
the structure of the heart in the different classes of 
Vertebrata. 

Describe the principal modifications of the nervous 
system in invertebrate animals. 

To what order of Mammals does the genus Felis 
belong ? Give its characters, enumerate its principal 
species, and state their geographical distribution. 

State, in general terms, the structure of the eye in 
the different classes of the Animal Kingdom. 
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Describe the nature and mode of growth of the horn 
in the order RuminantcB, 

To what class of animals does the genus Helix 
belong? Give its most important characters, and 
describe its respiratory and generative organs. 

Describe the wings of birds, bats, and flying 
squirrels, pointing out the homologies of their parts. 
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The Bestoration of a lost Nose by Operation. Exem- 
plified in a series of Cases, niustrated with wood engravings. 8vo, 
price 2s. 

By ike same Author, 

Sssays on S3nb>l^^^* Essay L — Syphilitic Sarcocele. 8to, with 
coloured plates. Price 2s. 6d, 



DBS. HAYDBN & CBUISB. 
Report on the Cholera Epidemic of 1866, as treated 

in the Mater MisericordisB Hospital, Dublin ; with General Re- 
marks on the Disease. Revised and Reprinted from the Dublin 
Quarterly Journal of Medical Science, May, 1867. Royal 8vo, Is. 



JAMBS STANNUS HUGHBS, M.D., P.R.C.S.L, 

Surgeon to Jerris-st. Hospital ; Professor of Sui^^ery in the Boyal College of Surgeons. 

On Diseases of the Prostate Gland. Blustrated with 

plates. Foolscap 8vo, cloth, 3s. 

By the same AtUhor. 
CEdema of the Glottis: its Clinical History, Pathology, and 
Treatment. Foolscap 8vo, price Is. 



Hooper's Physician's Vade Mecum ; or, a Manual of the 

Principles and Practice of Physic. Eighth edition, enlarged and 
improved, by William Augustus Guy, M.B., F.R.C.S. Cantab., and 
John Harley, M.D., F.L.S., F.R.C.P. Lond. Foolscap 8vo, doth, 
12s. 6d. 



BVORY KENNEDY, M.D., Edin. & Dub. 

Fellow and Ex-President of the King and Queen's CoU^re of Physicians ; Past Pre- 
sident of the Obstetrical Society ; Ex-Master of the Dublin Lying-in HospitaL 

Hospitalism and Zymotic Diseases, as more espe- 
cially illustrated by Puerperal Fever, or Metria. 

A Paper read in the Hall of the College of Physicians. Also a 
Reply to the Criticisms of Seventeen Physiciaas upon this Paper. 
Second edition, royal 8vo, cloth, 5s. 
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HENRY BaiNNBDY, M.B., 

F.E. k Q.C.F., Physician to the Cork-street Ferer Hospital. 

Some Account of the Epidemic of Scarlatina which 

preyailed in Dublin from 1834 to 1842, inclufiive, with Observa- 
tions. Foolscap Svo, cloth, 4s. 6d. 



HAMILTON LABATT, P.R.C.S. 
Observations on Venereal Diseases : derived from Civil 

and Military Practice. Post Svo, cloth, 6s. 6d. 



THOMAS H. LEDWIOH, F.R.C.S., 

Late Surgeon to the Heath Hospital ; and Lecturer on Anatomy and Physiology in 

the Ledwich School of Medicine ; and 

EDWARD LEDWIOH, P.R.O.S.. 

Surgeon to Mercer's Hospital ; and Lecturer on Anatomy and Physiology in the 

Ledwich School of Medicine. 

The Practical and Descriptive Anatomy of the Hu- 
man Body. Secosd edition. Post 8vo, cloth, 12s. 6d. ' 



ROBERT MCDONNELL, M.D., F.R.S., 

Surgeon to Steevens* Hospital; Lecturer on Anatomy in Steerens' Hospital Medical 

College. 

Lectures and Essays on the Science and Practice of 

Surgrery. Part I. : Clinical Lectures on Venereal Diseases. 
Svo, pp. 133, price 2s. 6d. 

By the aooM AiUhor. 

Observations on the Functions of the Liver, more 

especially with reference to the formation of the material known 
as Umyloid Substance, or Animal Dextrine, and the ultimate desti- 
nation of this substance in the animal economy. Svo, pp. 39, price 
Is. 



8 Tajtsis a^td Co.y GrafioR'Strtet^ DuJMin. 



CATHCABT LEES, M.B., 
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Lectures on Diseases of the Stomach and Indieres- 

tion. Foolscap 8to, doth, price is. 



ALFRED H. M'CLINTOCK, M.D.. P.R.C.S., 

Late Master cf the Dublin Ljinff-in Hospital; Honorary Fellow of the Obstetrical 
Society of LoDdon ; Hon. Preaideiit of the Dablin Obstetrical Society, etc. 

dinical Memoirs on Diseases of Women. Syo, pp. 

449, price 128. 6d. Slostrated with 35 wood eDgraTiogs from OzigiiuJ 
Drawings. 

O'BRIEN MAHONY, L.RC.P., Edin., etc. 
The Presence of Oreranic Matter in Potable Water 
always deleterious to Health : to which is added the 

Modem Analysis. Second edition. 8to, price 2s. 6d. 



E. D. MAPOTHER, M.D., 

Fellow and Processor of Anatomy and Physiology, Royal CoU^e of Soiiseoiis ; Sur- 
geon to St. Yiuoent's HospitaL 

A Manual of Physioloery and of tke Principles of Dis- 
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OF Medical Terms. Second edition. Foolscap 8vo, 566 pp., with 
150 illustrations, price 10s. 6d. 
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Lectures on Public Health, delivered at the Roy&l Coll^ 
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8to, price 6s. 

By the same Author, 
FIRST CARMICHAEL PRIZE ESSAY. 

The Medical Profession and its Educational and 

Licensingr Bodies. Foolscap 8vo, 227 pages. Price 5s. The 
circumstances of the various branches of Medical Practice, as well as 
the Modes of Education and Examination, are described, in order to 
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J. MOORE NBLIGAN, M.D., 
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Medicines : their Uses and Mode of Administration, 

including a complete Conspectus of the British Pharmacopoeia, an 
Account of New Eemedies, and an Appendix of Formulse. Seventh 
edition, revised and enlarged by Db. Rawdon Maonamasa, Profes- 
sor of Materia Medica to the Boyal College of Surgeons in Ireland, 
and Surgeon to the Meath Hospital, etc. 8vo, cloth, price ISs. 
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A"" Atlas of Cutaneous Diseases. Containing nearly 100 
coloured Illustrations of Skin Diseases. Small folio, half -bound in 
leather, 25s. Keduced to 17s. 6d. 

By the same Author. 

A Practical Treatise on Diseases of the Skin. Second 

edition, revised and enlarged by T. W. Belcheb, M.D. I>ub. ; 
Fellow of King and Queen's College of Physicians in Ireland ; 
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8vo, price 6s. 
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Professor of Surgery in the Royal College of Surgeons ; Surgeon to the City of Dnblin 

Hospital. 

Anatomy of the Arteries of the Human Body, De- 
scriptive and Surgical, with the Descriptive Anatomy of the Heart. 
New edition. With Illustrations from Drawings made expressly for 
this work by B. W. Richardson, F.B.C.S., Surgeon to the Adelaide 
Hospital, etc. Foolscap 8vo, cloth. Plain, lOs. 6d. Coloured. 12s. 
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STBBVBNS' HOSPITAL FORMULA. 
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vens Nosocomio Usitate PreBscriptaB. In Usum 

Stndiosorum. 32mo, cloth, Is. 



G. D. POWELL, M.D., L.R.O.S.I., etc. 
The Practice of Medical Electricity, showing the most 

Approved Apparatus, their methods of Use, and rules for the treat- 
ment of Nervous Diseases, more especially Paralysis and Neuralgia. 
Illustrated with Wood Engravings. Second edition, 8vo, cloth, 
price 3s. 6d. 



JOLIFFE TUFNELL, F.R.C.S., 
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Prison. 

Practical Remarks on the Treatment of Aneurism 

by Compression. With plates of the Instruments hitherto 
employed in Dublin, and the recent improvements by Elastic Pres- 
sure. 8vo, cloth, 6s. 

By the same Author, 

Practical Remarks on Stricture of the Rectum, its 

connection with Fistula in Ano, and Ulceration of the Bowel. 8vo, 
price Is. 

By the same Author, 

The Curative Treatment of Internal Aneurism. 

Illustrated by Cases in Hospital and Private Practice. 8vo, price Ss. 
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On Stricture of the Urethra, including an Account of 
Perineal Abscess, Urinary Fistula, and Infiltration of Urine. Post 
8to, cloth, 5s. 



HENRY WILSON, P.R.O.S., M.R.I.A., 
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Lectures on the Theory and Practice of the Oph- 
thalmoscope. Boyal Svo, cloth, with Lithographic Illustra- 
tions and Woodcuts. Price 6s. 
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